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ADENO-ASSOC I ATE D VIRUS (AAV) CLADES, SEQUENCES, 
VECTORS CONTAINING SAME, AND USES THEREFOR 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
5 DEVELOPMENT 

This application contains work supported by grants NIDDK P30 DK47757 and 
NHLBI P01 HL59407 from the National Institutes of Health (N1H). The US government 
may have certain rights in this invention. 

10 BACKGROUND OF THE INVENTION 

Adeno-associated virus (AAV), a member of the Parvovirus family, is a small 
nonenveloped, icosahedral virus with single-stranded linear DNA genomes of 4.7 
kilobases (kb) to 6 kb. AAV is assigned to the genus, Dependovirus, because the virus 
was discovered as a contaminant in purified adenovirus stocks. AAVs life cycle includes 
15 a latent phase at which AAV genomes, after infection, are site specifically integrated into 
host chromosomes and an infectious phase in which, following either adenovirus or 
herpes simplex virus infection, the integrated genomes are subsequently rescued, 
replicated, and packaged into infectious viruses. The properties of non-pathogen icity, 
broad host range of infectivity, including non-dividing cells, and potential site-specific 
20 chromosomal integration make AAV an attractive tool for gene transfer. 

Recent studies suggest that AAV vectors may be the preferred vehicle for gene 
delivery. To date, there have been several different well-characterized serotypes of 
AAVs isolated from human or non-human primates (NHP). 

It has been found that AAVs of different serotypes exhibit different transfection 
25 efficiencies, and also exhibit tropism for different cells or tissues. However, the 
relationship between these different serotypes has not previously been explored. 

What is desirable are AAV-based constructs for delivery of heterologous 
molecules. 
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SUMMARY OF THE INVENTION 

The present invention provides "superfamilies" or "clades" of AAV of 
phylogenetically related sequences. These AAV clades provide a source of AAV 
sequences useful for targeting and/or delivering molecules to desired target cells or 
5 tissues. 

The present invention further provides a human AAV serotype previously 
unknown, designated herein as clone 28.4/hu.l4, or alternatively, AAV serotype 9. 
Vectors constructed from this huAAV9 have exhibited gene transfer efficacies similar to 
AAV8 in liver, superior to AAV1 in muscle and 200 fold higher than AAV 5 in lung. 
10 Further, this novel human AAV serotype shares less than 85% sequence identity to 

previously described AAV1 through AAV8 and are not cross-neutralized by any of these 
serotypes. 

The present invention also provides other novel AAV sequences, compositions 
containing these sequences, and uses therefor. Advantageously, these compositions are 
15 particularly well suited for use in compositions requiring re-administration of rAAV for 
therapeutic or prophylactic purposes. 

These and other aspects of the invention will be readily apparent from the 
following detailed description of the invention. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a tree showing the phylogenic relationship constructed using the 
Neighbor-Joining heuristic with Poisson correction distance measurement. The 
relationship was determined based on the isolated AAV vpl capsid protein, with the 
isolated AAV grouped in clades. 

25 Figs. 2A-2F are an alignment of the amino acid sequences of AAV vpl capsid 

proteins of the invention, with the numbering of the individual sequences reported, and 
previously published AAV4; AAV7, AAV8, AAV2, AAV3, AAV1, AAV6, and AAV3B; 
rh. 25/42-15; 29.3/bb.l; cy.2; 29.5/bb.2; rh.32, rh.33, rh.34, rh.10; rh.24; rhl4, rh.16, 
rh.17, rh.12, rh.18, rh.21 (formerly termed 41.10); rh.25 (formerly termed 41.15); rh2; 

30 rh.3k cy.3; cy.5; rh.13; cy.4; cy.6; rh.22; rh.T9; rh35frh.37Trh.36; rh:23; rfi.8; and ch.5 
[US Published Patent Application No. 2003/0138772 A 1 (Jul 24, 2003)]. The sequences 
of the invention include hu. 1 7 [SEQ ID NO: 83 ], hu 6 [SEQ ID NO: 84 ], hu.42 [SEQ 
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ID NO: 85], rh.38 [SEQ ID NO: 86], hu.40 [SEQ ID NO: 87], hu.37 [SEQ ID NO: 88 ], 
rh.40 [SEQ ID NO: 92], pi. 1 [SEQ ID NO: 93], pi3 [SEQ ID NO: 94], pi2 [SEQ ID 
NO:95], rh.52 [SEQ ID NO: 96]; rh.53 [SEQ ID NO: 97]; rh.49 [SEQ ID NO: 103]; rh.51 
[SEQ ID NO: 104]; rh.57 [SEQ ID NO: 105 ]; rh.58 [SEQ ID NO: 106 ], rh.61 [SEQ ID 

5 NO: 107];rh.50[SEQIDNO: 108 ]; rh.59 [SEQ ID NO: 1 10]; rh. 43 [SEQ ID NO: 163]; 
rh.62 [SEQ ID NO: 1 14 ]; rh.48 [SEQ ID NO: ]; 4-9/rh.54 (SEQ ID No: 40); and 4- 
19/rh.55 (SEQ ID Nos: 117); rh.60 [SEQ ID NO:120]; hu.31 [SEQ ID NO:l]; hu.32 
[SEQ IDNO:122]; hu.l4/AAV9 [SEQ ID NO: 123]; hu.34 [SEQ ID NO: 125]; hu.45 
[SEQ ID NO: 127]; hu.47 [SEQ ID NO: 128]; hu.13 [SEQ ID NO: 128]; hu.28 [SEQ ID 

10 NO:130];hu.29[SEQlDNO:l32];hu.l9[SEQIDNO: 133]; hu.20 [SEQ ID NO: 134]; 
hu.21 [SEQ ID NO: 135]; hu.23.2 [SEQ ID NO: 137]; hu.22 [SEQ ID NO: 138]; hu.27 
[SEQ ID NO: 140]; hu.4; hu.2 [SEQ ID NO: 143]; hu.l; hu.3 [SEQ QID NO: 145]; hu.25 
[SEQ ID NO: 146]; hu.l 5 [SEQ ID NO: 147]; hu.l 6 [SEQ ID NO: 148]; hu.l 8 [SEQ ID 
NO: 149]; hu.7 [SEQ ID NO: 150]; hu.l 1 [SEQ ID NO: 159]; hu.9 [SEQ ID NO: 155]; 

15 hu.10 [SEQ ID NO: 156]; hu.48 [SEQ ID NO: 157]; hu.44 [SEQ ID NO: 158]; hu.46 
[SEQ ID NO: 159]; hu.43 [SEQ ID NO: 160]; hu.35 [SEQ ID NO: 164]; hu.24 [SEQ ID 
NO: 136];rh.64[SEQIDNO: 196]; hu.41 [SEQ ID NO: 99]; hu.39 [SEQ ID NO: 102]; 
hu.67[SEQIDNO: 198]; hu.66 [SEQ ID NO: 197];hu.51 [SEQ ID NO: 190]; hu.52 
[SEQ ID NO: 191]; hu.49 [SEQ ID NO: 189]; hu.56 [SEQ ID NO: 192]; hu.57 [SEQ ID 

20 NO: 193]; hu.58 [SEQ ID NO: 194]; hu.63 [SEQ ID NO: 195]; hu.64 [SEQ ID NO: SEQ 
ID NO: 196];hu.60[SEQIDNO: 184]; hu.61 [SEQ ID NO: 185];hu.53 [SEQ ID NO: 
186]; hu.55 [SEQ ID NO: 1 87] and hu.54 [SEQ ID NO: 188]. These capsid sequences 
are also reproduced in the Sequence Listing, which is incorporated by reference herein. 
Figs. 3A- 3P are an alignment of the nucleic acid sequences of AAV vpl capsid 

25 proteins of the invention, with the numbering of the individual sequences reported, and 
previously published AAV1, AAV2, AAV3, AAV3B, AAV4, AAV5, AAV6, AAV7, 
AAV8, rh. 25/42-15; 29.3/bb.l; cy.2; 29.5/bb.2; rh.32, rh.33, rh.34, rh.10; rh.24; rhl4, 
rh.16, rh.17, rh.12, rh.18, rh.21 (formerly termed 41.10); rh.25 (formerly termed 41.15; 
GenBank accession AY530557); rh2; rh.3 1; cy.3; cy.5; rh.13; cy.4; cy.6; rh.22; rh.19; 

30 rh.35; rh.37; rh.36; rh.23; rh.8; and ch.5 [US Published Patent Application No. 

2003/0138772 Al (Jul 24, 2003)]. The nucleic acid sequences of the invention include, 
30.10/pi.l (SEQ ID NO: 28), 30.12/pi.2 (SEQ ID NO: 30), 30.19/pi.3 (SEQ ID NO: 29), 
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LG-4/rh.38 (SEQ ID No: 7); LG-10/rh.40 (SEQ ID No: 14); N721-8/rh.43 (SEQ ID No: 
43; l-8/rh.49 (SEQ ID NO: 25); 2-4/rh.50 (SEQ ID No: 23); 2-5/rh.5 1 (SEQ ID No: 22); 
3-9/rh.52 (SEQ ID No: 1 8); 3-1 l/rh.53 (SEQ ID NO: 1 7); 5-3/rh.57 (SEQ ID No: 26); 5- 
22/rh.58(SEQIDNo:27);2-3/rh.61 (SEQ ID NO: 21); 4-8/rh.64 (SEQ ID No: 15); 

5 3.1/hu.6(SEQIDNO: 5); 33.12/hu.l7 (SEQ ID NO:4); 106.1/hu.37 (SEQ ID No: 10); 
LG-9/hu.39 (SEQ ID No: 24); 1 14.3/hu. 40 (SEQ ID No: 1 1); 127.2/hu.41 (SEQ ID 
NO:6); 127.5/hu.42 (SEQ ID No: 8); and hu. 66 (SEQ ID NO: 173 ); 2-1 5/ rh.62 (SEQ 
ID No: 33); l-7/rh.48 (SEQ ID No: 32); 4-9/rh.54 (SEQ ID No: 40); and 4-l9/rh.55 (SEQ 
ID Nos: 37 and 1 1 7); 52/hu. 1 9 (SEQ ID NOs: 62 and 1 33), 52. 1 /hu.20 (SEQ ID NOs: 63 

10 and 134), 54.5/hu.23 (SEQ ID No: 60), 54.2/hu.22 (SEQ ID No: 67), 54.7/hu.24 (SEQ ID 
No: 66), 54.1/hu.21 (SEQ ID No: 65), 54.4R/hu.27 (SEQ ID No: 64); 46.2/hu.28 (SEQ ID 
No: 68); 46.6/hu.29 (SEQ ID No: 69); 128.1/hu. 43 (SEQ ID No: 80); 128.3/hu. 44 (SEQ 
ID No: 81) and 130.4/hu.48 (SEQ ID NO: 78); 3.1/hu.9 (SEQ ID No: 58); 16.8/hu.l0 
(SEQ ID No: 56); 16.12/hu.l 1 (SEQ ID No: 57); 145.1/hu.53 (SEQ ID No: 176); 

15 145.6/hu.55 (SEQ ID No: 178); l45.5/hu.54 (SEQ ID No: 177); 7.3/hu.7 (SEQ ID No: 
55); 52/hu.19 (SEQ ID No: 62); 33.4/hu.l5 (SEQ ID No: 50); 33.8/hu.l6 (SEQ ID No: 
51); 58.2/hu.25 (SEQ ID No: 49); 161.10/hu.60 (SEQ ID No: 170); H-5/hu.3 (SEQ ID 
No: 44); H-l/hu.l (SEQ ID No: 46); and 161.6/hu.61 (SEQ ID No: 174); hu.l4/AAV9 
(SEQ ID No: 3), hu.41 (SEQ ID NO: 6) and hu.32 (SEQ ID No: 1); rh.59 (SEQ ID NO: 

20 49) and rh.60 (SEQ ID NO: 31). These sequences are also reproduced in the Sequence 
Listing, which is incorporated by reference herein. 

Figs. 4A - 4D provide an evaluation of gene transfer efficiency of novel primate 
AAV-based vectors in vitro and in vivo. AAV vectors were pseudotyped with capsids of 
AAVs 1, 2, 5, 7, 8 and 6 and ch.5, rh.34, cy.5, rh.20, rh.8 and AAV9 as described [Gao et 

25 al, Proc Natl Acad Sci USA, 99: 1 1 854- 1 1 859 (Sept. 3, 2002)]. For in vitro study, Fig. 
3A, 84-32 cells (293 cells expressing E4 of adenovirus serotypes) seeded in a 95 well 
plate were infected with pseudotyped AAVCMVEGFP vectors at an MOI of 1x1 0 4 GC 
per cell. Relative EGFP transduction efficiency was estimated as percentage of green 
cells using a UV microscope at 48 hours post-infection and shown on the Y axis. For in 

30 vivo study, the vectors expressing the secreted reporter gene Al AT were administered to 
the liver (Fig. 4B), lung (Fig. 4C) and muscle (Fig. 4D) of NCR nude mice (4-6 weeks 
old) at a dose of I x 10" GC per animal by intraportal (Fig.4B), intratracheal (Fig. 4C) 
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and intramuscular injections (Fig. 4D), respectively. Serum A1 AT levels (ng/mL) were 
compared at day 28 post gene transfer and presented on the Y axis. The X axis indicates 
the AAVs analyzed and the clades to which they belong. 



5 DETAILED DESCRIPTION OF THE INVENTION 
I. Clades 

In one aspect, the invention provides clades of AAV. A clade refers to a group of 
nonredundant but phylogenetically similar members from three or more sources. As 

10 described herein, phylogenetically similar refers to AAV which are phylogenetically 
related to one another as determined using a Neighbor- Joining algorithm by a bootstrap 
value of at least 75 and a Poisson correction distance measurement of no more than 0.05. 

The Neighbor- Joining algorithm has been described extensively in the literature. 
See, e.g., M. Nei and S. Kumar, Molecular Evolution and Phylogenetics (Oxford 

1 5 University Press, New York (2000). Computer programs are available that can be used to 
implement this algorithm. For example, the MEGA v2.1 program implements the 
modified Nei-Gojobori method. Using these techniques and computer programs, and 
having in hand the sequence of an AAV vpl capsid protein, one of skill in the art can 
readily determine whether a selected AAV is contained in one of the clades identified 

20 herein, in another clade, or is outside these clades. 

While the clades defined herein are based primarily upon naturally occurring 
AAV vpl capsids, the clades are not limited to naturally occurring AAV. The clades can 
encompass non-naturally occurring AAV, including, without limitation, recombinant, 
altered, chimeric, hybrid, synthetic, articifial, etc., AAV which are phylogenetically 

25 related as determined using a Neighbor- Joining algorithm by a bootstrap value of at least 
75 and a Poisson correction distance measurement of no more than 0.05. 

The clades described herein include Clade A (represented by AAV1 and AAV6), 
Clade B (represented by AAV2) and Clade C (represented by the AAV2-AAV3 hybrid), 
Clade D (represented by AAV7), Clade E (represented by AAV8), and Clade F 

30 (represented by human AAV9). These clades are represented by a member of the clade 
that is a previously described AAV serotype. Previously described AAV1 and AAV6 are 
members of a single clade (Clade A) in which 4 isolates were recovered from 3 humans. 
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Previously described AAV3 and AAV5 serotypes are clearly distinct from one another, 
but were not detected in the screen described herein, and have not been included in any of 
these clades. 

Clade B (AAV2) and Clade C (the AAV2-AAV3 hybrid) are the most abundant 
5 of those found in humans (22 isolates from 12 individuals for AAV2 and 17 isolates from 
8 individuals for Clade C). 

There are a large number of sequences grouped in either Clade D (AAV7) or 
Clade E (AAV8). Interestingly, both of these clades are prevalent in different species. 
Clade D is unique to rhesus and cynomologus macaques with 15 members being isolated 
10 from 1 0 different animals. Clade E is interesting because it is found in both human and 
nonhuman primates: 9 isolates were recovered from 7 humans and 21 isolates were 
obtained in 9 different nonhuman primates including rhesus macaques, a baboon and a 
pigtail monkey. 

In two other animals the hybrid nature of certain sequences was proven, although 
15 all sequences in this case seem to have originated through individual and different 

recombinations of two co-infecting viruses (in both animals a Clade D with a Clade E 
virus). None of these recombinants were identified in other animals or subjects. 

Since Clade C (the AAV2-AAV3 hybrid) clade was identified in 6 different 
human subjects, the recombination event resulted in a fit progeny. In the case of the 
20 AA V7-AAV8 hybrids on the other hand, only few conclusions can be drawn as to the 
implication of recombination in AAV evolution. These recombination events show that 
AAV is capable of recombining; thereby creating in frame genes and in some cases 
packagable and/or infectious capsid structures. Clade C (the AAV2-AAV3 hybrid clade) 
on the other hand is a group of viruses that have acquired a selective advantage through 
25 recombination that made them sustain certain environmental pressures. 
A. Clade A (AAV1 Clade): 

In another aspect, the invention provides Clade A, which is characterized 
by containing the previously published AAV1 and AAV6. See, e.g., International 
Publication No. WO 00/28061, 18 May 2000; Rutledge et a\ 9 JVirol y 72(1):309-319 (Jan 
30 1998). In addition, this ciade contains novel AAV including, without limitation, 

I28.l/hu. 43; 128.3/hu. 44 [SEQIDNos:81 and 158]; l30.4/hu.48 [SEQ ID NO: 78 and 
157]; and hu.46 [SEQ ID NOs: 82 and 159]. 
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In one embodiment, one or more of the members of this clade has a capsid 
with an amino acid identity of at least 85% identity, at least 90% identity, at least 95% 
identity, or at least 97% identity over the full-length of the vpl, the vp2, or the vp3 of the 
AAV1 and/or A A V6 capsid. 

5 In another embodiment, the invention provides novel AAV of Clade A, 

provided that none of the novel AAV comprises a capsid of any of AAV I or AAV6. 
These AAV may include, without limitation, an AAV having a capsid derived from one 
or more of 128.1/hu. 43 [SEQ ID Nos: 80 and 160]; 128.3/hu. 44 [SEQ ID Nos: 81 and 
158]; hu.46 [SEQ ID NOs: 82 and 159]; and 130.4/hu.48 [SEQ ID NO: 78 and 157]. 

10 B. Clade B (AAV2 Clade): 

In another embodiment, the invention provides a Clade B. 
This clade is characterized by containing, at a minimum, the previously 
described AAV2 and novel AAV of the invention including, 52/hu.l9 [SEQ ID NOs: 62 
and 133], 52.1/hu.20 [SEQ ID NOs: 63 and 134], 54.5/hu.23 [SEQ ID Nos: 60 and 137], 

15 54.2/hu.22 [SEQ ID Nos: 67 and 138], 54.7/hu.24 [SEQ ID Nos: 66 and 136], 54.1/hu.21 
[SEQ ID Nos: 65 and 135], 54.4R/hu.27 [SEQ ID Nos: 64 and 140]; 46.2/hu.28 [SEQ ID 
Nos: 68 and 130]; 46.6/hu.29 [SEQ ID Nos: 69and 132]; 172.1/hu.63 [SEQ ID NO: 171 
and 195; GenBank Accession No. AY530624]; 172.2/hu. 64 [SEQ ID NO: 172 and 196; 
GenBank Accession No. AY530625]; 24.5/hu.l3 [SEQ ID NO: 71 and 129; GenBank 

20 Accession No. AY530578]; 145.6/hu.56 [SEQ ID NO: 168 and 192]; hu.57 [SEQ ID 
Nos: 169 and 193]; 136.1/hu.49 [SEQ ID NO: 165 and 189]; 156.1/hu.58 [SEQ ID NO: 
179 and 194]; 72.2/hu.34 [SEQ ID NO: 72 and 125; GenBank Accession No. 
AY530598]; 72.3/hu.35 [SEQ ID NO: 73 and 164; GenBank Accession No. AY530599]; 
130.1/hu.47 [SEQ ID NO: 77 and 128]; 129.1/hu.45 (SEQ ID NO: 76 and 127; GenBank 

25 Accession No. AY530608); 140.1/hu.51 [SEQ ID NO: 161 and 190; GenBank Accession 
No. AY530613]; and 140.2/hu.52 [SEQ ID NO: 167 and 191; GenBank Accession No. 
AY530614]. 

In one embodiment, one or more of the members of this clade has a capsid with 
an amino acid identity of at least 85% identity, at least 90% identity, at least 95% identity, 
30 or at least 97% identity over the full-length of the vpl , the vp2, or the vp3 of the AAV2 
capsid. 
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In another embodiment, the invention provides novel AAV of Clade B, provided 
that none of the AAV has an AAV2 capsid. These AAV may include, without limitation, 
an AAV having a capsid derived from one or more of the following 52/hu.l9 [SEQ ID 
NOs: 62 and 133], 52.1/hu.20 [SEQ IDNOs: 63 and 134], 54.5/hu.23 [SEQ ID Nos: 60 

5 and 1 37], 54.2/hu.22 [SEQ ID Nos: 67 and 138], 54.7/hu.24 [SEQ ID Nos: 66 and 1 36], 
54.1/hu.21 [SEQ ID Nos: 65 and 135], 54.4R/hu.27 [SEQ ID Nos: 64 and 140]; 
46.2/hu.28 [SEQ ID Nos: 68 and 130]; 46.6/hu.29 [SEQ ID Nos: 69and 132]; 172.1/hu.63 
[SEQ ID NO: 171 and 195 ]; 172.2/hu. 64 [SEQ ID NO: 172 and 196]; 24.5/hu.l3 [SEQ 
ID NO: 71 and 129]; l45.6/hu.56 [SEQ ID NO: 168 and 192; GenBank Accession No. 

10 AY530618]; hu.57 [SEQ ID Nos: 169 and 193; GenBank Accession No. AY530619]; 
136.1/hu.49 [SEQ ID NO: 165 and 189; GenBank Accession No. AY530612]; 
156.1/hu.58 [SEQ ID NO: 179 and 194; GenBank Accession No. AY530620]; 72.2/hu.34 
[SEQ ID NO: 72 and 125]; 72.3/hu.35 [SEQ ID NO: 73 and 164]; 129.1/hu.45 [SEQ ID 
NO: 76 and 127]; 130.1/hu.47 [SEQ IDNO:77 and 128; GenBank Accession No. 

15 AY530610]; 140.1/hu.51 [SEQ ID NO: 161 and 190; GenBank Accession No. 

AY530613]; and l40.2/hu.52 [SEQ ID NO: 167 and 191; GenBank Accession No. 
AY530614]. 

C. Clade C (AAV2-AAV3 Hybrid Clade) 

In another aspect, the invention provides Clade C, which is characterized 

20 by containing AAV that are hybrids of the previously published AAV2 and AAV3 such 
as A3.1/ch.5; H-6/hu.4; H-2/hu.2 [US Patent Application 2003/0138772 (Jun 24, 2003). 
In addition, this clade contains novel AAV including, without limitation, 3.1/hu.9 [SEQ 
ID Nos: 58 and 155]; 16.8/hu.l0 [SEQ ID Nos: 56 and 156]; 16.12/hu.ll [SEQ ID Nos: 
57 and 153]; 145.1/hu.53 [SEQ ID Nos: 176 and 186]; 145.6/hu.55 [SEQ ID Nos: 178 

25 and 187]; 145.5/hu.54 [SEQ ID Nos: 177 and 188]; 7.3/hu.7 [SEQ ID Nos: 55 and 150; 
now deposited as GenBank Accession No. AY530628]; 33.4/hu.l 5 [SEQ ID Nos: 50 and 
147];33.8/hu.l6[SEQ ID Nos: 51 and 148]; hu. 18 [SEQ IDNOs: 52 and 149]; 
58.2/hu.25 [SEQ ID Nos: 49 and 146]; 161.10/hu.60 [SEQ ID Nos: 170 and 184]; H- 
5/hu.3 [SEQ ID Nos: 44 and 145]; H-l/hu.l [SEQ ID Nos: 46 and 144]; and 161.6/hu.61 

30 [SEQ ID Nos: 1 74 and 1 85]. 

In one embodiment, one or more of the members of this clade has a capsid 
with an amino acid identity of at least 85% identity, at least 90% identity, at least 95% 
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identity, or at least 97% identity over the full-length of the vpl, the vp2, or the vp3 of the 
A3.1/ch.5 hybrid capsid. 

In another embodiment, the invention provides novel AAV of Clade C 
(the AAV2-AAV3 hybrid clade), provided that none of the novel AAV comprises a 

5 capsid of any A3, l/ch.5. These AAV may include, without limitation, an AAV having a 
capsid derived from one or more of 3.1/hu.9 [SEQ ID Nos: 58 and 155]; 16.8/hu.lO [SEQ 
IDNos: 56 and 156]; 16.12/hu.ll [SEQ ID Nos: 57 and 153]; 145.1/hu.53 [SEQ ID Nos: 
176 and 186]; 145.6/hu.55 [SEQ IDNos: 178 and 187]; 145.5/hu.54 [SEQ IDNos: 177 
and 188]; 7.3/hu.7 [SEQ ID Nos: 55 and 150]; 33.4/hu.l5 [SEQ ID Nos: 50 and 147]; 

10 33.8/hu.l6 [SEQ IDNos: 51 and 148]; 58.2/hu.25 [SEQ IDNos: 49 and 146]; 

161.10/hu.60 [SEQ IDNos: 170 and 184]; H-5/hu.3 [SEQ ID Nos: 44 and 145]; H-l/hu.l 
[SEQ IDNos: 46 and 144]; and 161.6/hu.61 [SEQ ID Nos: 174 and 185]. 
D. Clade D (AAV7 clade) 

In another embodiment, the invention provides Clade D. This clade is 

1 5 characterized by containing the previously described AAV7 [G. Gao etal, Proc. Natl 
Acad. Sci USA, 99:1 1854-9 (Sep. 3, 2002). The nucleic acid sequences encoding the 
AAV7 capsid are reproduced in SEQ ID NO: 1 84; the amino acid sequences of the AAV7 
capsid are reproduced in SEQ ID NO: 1 85. In addition, the clade contains a number of 
previously described AAV sequences, including : cy.2; cy.3; cy.4; cy.5; cy.6; rh.13; 

20 rh.37; rh. 36; and rh.35 [US Published Patent Application No. US 2003/0138772 Al (Jul 
24 2003)]. Additionally, the AAV7 clade contains novel AAV sequences, including, 
without limitation, 2-15/ rh.62 [SEQ ID Nos: 33 and 1 14]; l-7/rh.48 [SEQ ID Nos: 32 
and 1 15]; 4-9/rh.54 [SEQ ID Nos: 40 and 1 16]; and 4-19/rh.55 [SEQ ID Nos: 37 and 
117]. 

25 In one embodiment, one or more of the members of this clade has a capsid 

with an amino acid identity of at least 85% identity, at least 90% identity, at least 95% 
identity, or at least 97% identity over the full-length of the vpl , the vp2, or the vp3 of the 
AAV7 capsid, SEQ ID NO: 184 and 185. 

In another embodiment, the invention provides novel AAV of Clade D, 

30 provided that none of the novel AAV comprises a capsid of any of cy.2; cy.3; cy.4; cy.5; 
cy.6; rh.13; rh.37; rh. 36; and rh.35. These AAV may include, without limitation, an 
AAV having a capsid derived from one or more of the following 2-1 5/ rh.62 [SEQ ID 
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Nos: 33 and 1 14]; l-7/rh.48 [SEQ ID Nos: 32 and 115]; 4-9/rh.54 [SEQ ID Nos: 40 and 
116]; and 4-19/rh.55 [SEQ ID Nos: 37 and 1 17]. 
E. Clade E (AAV8 clade) 

In one aspect, the invention provides Ciade E. This clade is characterized 
5 by containing the previously described AAV8 [G. Gao et al, Proc. Natl Acad. Sci USA, 
99:1 1854-9 (Sep. 3, 2002)], 43.1/rh.2; 44.2/rh.lO; rh. 25; 29.3/bb.l; and 29.5/bb.2 [US 
Published Patent Application No. US 2003/0138772 Al (Jul 24 2003)]. 

Further, the clade novel AAV sequences, including, without limitation, 
including, e.g., 30.10/pi.l [SEQ ID NOs:28 and 93], 30.12/pi.2 [SEQ ID NOs:30 and 95, 
. 10 30. 1 9/pi.3 [SEQ ID NOs:29 and 94], LG-4/rh.38 [SEQ ID Nos: 7 and 86]; LG-1 0/rh.40 
[SEQ ID Nos: 14 and 92]; N721-8/rh.43 [SEQ ID Nos: 43 and 163];l-8/rh.49 [SEQ ID 
NOs: 25 and 103]; 2-4/rh.50 [SEQ ID Nos: 23 and 108]; 2-5/rh.51 [SEQ ID Nos: 22 and 
104]; 3-9/rh.52 [SEQ ID Nos: 18 and 96]; 3-1 l/rh.53 [SEQ ID NOs: 17 and 97]; 5-3/rh.57 
[SEQ ID Nos: 26 and 105]; 5-22/rh.58 [SEQ ID Nos: 27 and 58]; 2-3/rh.61 [SEQ ID 
15 NOs: 21 and 107]; 4-8/rh.64 [SEQ ID Nos: 15 and 99]; 3.1/hu.6 [SEQ ID NO: 5 and 
84]; 33.12/hu.l7 [SEQ 1DN0:4 and 83]; 106.1/hu.37 [SEQ ID Nos: 10 and 88]; LG- 
9/hu.39 [SEQ ID Nos: 24 and 102]; 1 14.3/hu. 40 [SEQ ID Nos: 1 1 and 87]; 127.2/hu.41 
[SEQ ID NO:6 and 9 1 ]; 1 27.5/hu.42 [SEQ ID Nos: 8 and 85]; hu. 66 [SEQ ID NOs: 1 73 
and 197]; and hu.67 [SEQ ID NOs: 174 and 198]. 
20 In one embodiment, one or more of the members of this clade has a capsid 

with an amino acid identity of at least 85% identity, at least 90% identity, at least 95% 
identity, or at least 97% identity over the full-length of the vpl, the vp2, or the vp3 of the 
AAV8 capsid. The nucleic acid sequences encoding the AAV8 capsid are reproduced in 
SEQ ID NO: 186 and the amino acid sequences of the capsid are reproduced in SEQ ID 
25 NO:187. 

In another embodiment, the invention provides novel AAV of the AAV 
clade, provided that none of the novel AAV comprises a capsid of any of AAV8, rh.8; 
44.2/rh.lO; rh. 25; 29.3/bb.l; and 29.5/bb.2 [US Published Patent Application No. US 
2003/01 38772 Al (Jul 24 2003)]. These AAV may include, without limitation, an AAV 
30 having a capsid derived from one or more of the following: 30.10/pi.l [SEQ ID NOs:28 
and 93], 30.I2/pi.2 [SEQ ID NOs:30 and 95, 30.19/pi.3 [SEQ IDNOs:29 and 94], LG- 
4/rh.38 [SEQ ID Nos: 7 and 86]; LG-10/rh.40 [SEQ ID Nos: 14 and 92]; N721-8/rh.43 
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[SEQ ID Nos: 43 and 163];1-8/rh.49 [SEQ ID NOs: 25 and 103]; 2-4/rh.50 [SEQ ID 
Nos: 23 and 108]; 2-5/rh.51 [SEQ ID Nos: 22 and 104]; 3-9/rh.52 [SEQ ID Nos: 1 8 and 
96]; 3-1 l/rh.53 [SEQ ID NOs: 17 and 97]; 5-3/rh.57 [SEQ ID Nos: 26 and 105]; 5- 
22/rh.58 [SEQ ID Nos: 27 and 58]; 2-3/rh.61 [SEQ ID NOs: 21 and 107]; 4-8/rh.64 
5 [SEQ ID Nos: 15 and 99]; 3.1/hu.6 [SEQ ID NO: 5 and 84]; 33.12/hu.l7 [SEQ ID NO:4 
and 83]; 106.1/hu.37 [SEQ ID Nos: 10 and 88]; LG-9/hu.39 [SEQ ID Nos: 24 and 102]; 
1 14.3/hu. 40 [SEQ ID Nos: 1 1 and 87]; 127.2/hu.41 [SEQ ID NO:6 and 91]; 127.5/hu.42 
[SEQ ID Nos: 8 and 85]; hu. 66 [SEQ ID NOs: 173 and 197]; and hu.67 [SEQ ID NOs: 
174 and 198]. 
10 F. Clade F (AAV 9 Clade) 

This clade is identified by the name of a novel AAV serotype identified 
herein as hu.l4/AAV9 [SEQ ID Nos: 3 and 123]. In addition, this clade contains other 
novel sequences including, hu.31 [SEQ lDNOs:l and 121]; and hu.32 [SEQ ID Nos: 2 
and 122]. 

1 5 In one embodiment, one or more of the members of this clade has a capsid 

with an amino acid identity of at least 85% identity, at least 90% identity, at least 95% 
identity, or at least 97% identity over the full-length of the vpl , the vp2, or the vp3 of the 
AAV9 capsid, SEQ ID NO: 3 and 123. 

In another embodiment, the invention provides novel AAV of Clade F, 

20 which include, without limitation, an AAV having a capsid derived from one or more of 
hu.l4/AAV9 [SEQ ID Nos: 3 and 123], hu.31 [SEQ ID NOs:l and 121] and hu.32 [SEQ 
ID Nos: 1 and 122]. 

The AAV clades of the invention are useful for a variety of purposes, including 
providing ready collections of related AAV for generating viral vectors, and for 
25 generating targeting molecules. These clades may also be used as tools for a variety of 
purposes that will be readily apparent to one of skill in the art. 

II. NOVEL AAV SEQUENCES 

The invention provides the nucleic acid sequences and amino acids of a novel 
30 AAV serotype, which is termed interchangeably herein as clone hu. 14/28.4 and huAAV9. 
These sequences are useful for constructing vectors that are highly efficient in 
transduction of liver, muscle and lung. This novel AAV and its sequences are also useful 



11 



for a variety of other purposes. These sequences are being submitted with GenBank and 
have been assigned the accession numbers identified herein. 

The invention further provides the nucleic acid sequences and amino acid 
sequences of a number of novel AAV. Many of these sequence include those described 

5 above as members of a clade, as summarized below. 

128.1/hu. 43 [SEQ ID Nos: 80 and 160 GenBank Accession No. 
AY530606]; 128.3/hu. 44 [SEQ ID Nos: 81 and 158; GenBank Accession No. 
AY530607] and 130.4/hu.48 [SEQ ID NO: 78 and 157; GenBank Accession No. 
AY53061 1]; from the Clade A; 

10 52/hu.l9 [SEQ ID NOs: 62 and 133; GenBank Accession No. 

AY530584], 52.1/hu.20 [SEQ ID NOs: 63 and 134; GenBank Accession No. AY530586], 
54.5/hu.23 [SEQ ID Nos: 60 and 137; GenBank Accession No. AY530589], 54.2/hu.22 
[SEQ ID Nos: 67 and 1 38; GenBank Accession No. AY530588], 54.7/hu.24 [SEQ ID 
Nos: 66 and 1 36; GenBank Accession No. AY530590], 54.1/hu.21 [SEQ ID Nos: 65 and 

15 135; GenBank Accession No. AY530587], 54.4R/hu.27 [SEQ ID Nos: 64 and 140; 

GenBank Accession No. AY530592]; 46.2/hu.28 [SEQ ID Nos: 68 and 130; GenBank 
Accession No. AY530593]; 46.6/hu.29 [SEQ ID Nos: 69 and 1 32; GenBank Accession 
No. AY530594]; 172.1/hu.63 [SEQ ID NO: 171 and 195]; and 140.2/hu.52 (SEQ ID NO: 
167 and 191; from Clade B; 

20 3.1/hu.9 [SEQ ID Nos: 58 and 155; GenBank Accession No. AY530626]; 

16.8/hu.l0[SEQIDNos: 56 and 156; GenBank Accession No. AY530576]; 16.12/hu.ll 
[SEQ ID Nos: 57 and 153; GenBank Accession No. AY530577]; 145.1/hu.53 [SEQ ID 
Nos: 176 and 1 86; GenBank Accession No. AY5306 1 5]; 145.6/hu.55 [SEQ ID Nos: 178 
and 187; GenBank Accession No. AY530617]; 145.5/hu.54 [SEQ ID Nos: 177 and 188; 

25 GenBank Accession No. AY530616]; 7.3/hu.7 [SEQ ID Nos: 55 and 150; GenBank 
Accession No. AY530628]; hu.18 [SEQ ID NOs: 52 and 149; GenBank Accession No. 
AY530583]; 33.4/hu. 15 [SEQ ID Nos: 50 and 147; GenBank Accession No. AY530580]; 
33.8/hu.l6 [SEQ ID Nos: 51 and 148; GenBank Accession No. AY530581]; 58.2/hu.25 
[SEQ ID Nos: 49 and 146; GenBank Accession No. AY530591]; 161.10/hu.60 [SEQ ID 

30 Nos: 1 70 and 1 84; GenBank Accession No. AY530622]; H-5/hu.3 [SEQ ID Nos: 44 and 
145; GenBank Accession No. AY530595]; H-l/hu.l [SEQ ID Nos: 46 and 144; GenBank 
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Accession No. AY530575]; and 161.6/hu.61 [SEQIDNos: 174 and 185;GenBank 
Accession No. AY530623] from Clade C; 

2-15/ rh.62 [SEQ ID Nos: 33 and 1 14; GenBank Accession No. 
AY530573]; l-7/rh.48 [SEQ ID Nos: 32 and 115; GenBank Accession No. AY530561]; 
5 4-9/rh.54 [SEQ ID Nos: 40 and 1 16; GenBank Accession No. AY530567]; and 4- 

19/rh.55 [SEQ ID Nos: 37 and 1 17; GenBank Accession No. AY530568] from the Clade 
D; 

30.10/pi.l [SEQ ID NOs:28 and 93; GenBank Accession No. AY53055], 
30.12/pi.2 [SEQ IDNOs:30 and 95; GenBank Accession No. AY 530554], 30.19/pi.3 

10 [SEQ ID NOs:29 and 94; GenBank Accession No. AY530555], LG-4/rh.38 [SEQ ID 

Nos: 7 and 86; GenBank Accession No. AY 530558]; LG-10/rh.4O [SEQ ID Nos: 14 and 
92; GenBank Accession No. AY530559]; N721-8/rh.43 [SEQ ID Nos: 43 and 163; 
GenBank Accession No. AY530560];l-8/rh.49 [SEQ ID NOs: 25 and 103; GenBank 
Accession No. AY530561]; 2-4/rh.50 [SEQ ID Nos: 23 and 108; GenBank Accession 

15 No. AY530563]; 2-5/rh.51 [SEQ ID Nos: 22 and 104; GenBank Accession No. 530564]; 
3-9/rh.52 [SEQ ID Nos: 1 8 and 96; GenBank Accession No. AY530565]; 3-1 l/rh.53 
[SEQ ID NOs: 1 7 and 97;GenBank Accession No. AY530566]; 5-3/rh.57 [SEQ ID Nos: 
26 and 105; GenBank Accession No. AY530569]; 5-22/rh.58 [SEQ ID Nos: 27 and 58; 
GenBank Accession No. 530570]; 2-3/rh.61 [SEQ ID NOs: 21 and 107; GenBank 

20 Accession No. AY530572]; 4-8/rh.64 [SEQ ID Nos: 1 5 and 99; GenBank Accession No. 
AY530574]; 3.1/hu.6 [SEQ ID NO: 5 and 84; GenBank Accession No. AY530621]; 
33.12/hu.l7 [SEQ ID NO:4 and 83; GenBank Accession No. AY530582]; 106.1/hu.37 
[SEQ ID Nos: 10 and 88; GenBank Accession No. AY530600]; LG-9/hu.39 [SEQ ID 
Nos: 24 and 102; GenBank Accession No. AY530601]; 1 14.3/hu. 40 [SEQ ID Nos: 1 1 

25 and 87; GenBank Accession No. AY530603]; 127.2/hu.41 [SEQ ID NO:6 and 91 ; 

GenBank Accession No. AY530604]; 127.5/hu.42 [SEQ ID Nos: 8 and 85; GenBank 
Accession No. AY530605]; and hu. 66 [SEQ ID NOs: 173 and 197; GenBank Accession 
No. AY530626]; and hu.67 [SEQ ID NOs: 174 and 198; GenBank Accession No. 
AY530627] from Clade E; 

30 hu.l4/AAV9 [SEQ ID Nos: 3 and 123; GenBank Accession No. 

AY530579],hu.3I [SEQ ID NOs: 1 and 121; AY530596] and hu.32 [SEQIDNos: I and 
122; GenBank Accession No. AY530597] from Clade F. 
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In addition, the present invention provides AAV sequences, including, 
rh.59 [SEQ ID NO: 49 and 110] and rh.60 [SEQ ID NO: 31 and 120; GenBank Accession 
No. AY530571], which are outside the definition of the clades described above. 

Also provided are fragments of the AAV sequences of the invention. 

5 Each of these fragments may be readily utilized in a variety of vector systems and host 
cells. Among desirable AAV fragments are the cap proteins, including the vpl, vp2, vp3 
and hypervariable regions. Where desired, the methodology described in published US 
Patent Publication No. US 2003/0138772 Al (Jul 24 2003)] can be used to obtain the rep 
sequences for the AAV clones identified above. Such rep sequences include, e.g., rep 78, 

10 rep 68, rep 52, and rep 40, and the sequences encoding these proteins. Similarly, other 
fragments of these clones may be obtained using the techniques described in the 
referenced patent publication, including the AAV inverted terminal repeat (ITRs), AAV 
PI 9 sequences, AAV P40 sequences, the rep binding site, and the terminal resolute site 
(TRS). Still other suitable fragments will be readily apparent to those of skill in the art. 

15 The capsid and other fragments of the invention can be readily utilized in 

a variety of vector systems and host cells. Such fragments may be used alone, in 
combination with other AAV sequences or fragments, or in combination with elements 
from other AAV or non-AA V viral sequences. In one particularly desirable embodiment, 
a vector contains the AAV cap and/or rep sequences of the invention. 

20 The AAV sequences and fragments thereof are useful in production of 

rAAV, and are also useful as antisense delivery vectors, gene therapy vectors, or vaccine 
vectors. The invention further provides nucleic acid molecules, gene delivery vectors, 
and host cells which contain the AAV sequences of the invention. 

Suitable fragments can be determined using the information provided 

25 herein. Alignments are performed using any of a variety of publicly or commercially 
available Multiple Sequence Alignment Programs, such as "Clustal W", accessible 
through Web Servers on the internet. Alternatively, Vector NTI utilities are also used. 
There are also a number of algorithms known in the art that can be used to measure 
nucleotide sequence identity, including those contained in the programs described above. 

30 As another example, polynucleotide sequences can be compared using Fasta, a program 
in GCG Version 6.1 . Fasta provides alignments and percent sequence identity of the 
regions of the best overlap between the query and search sequences. For instance, 
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percent sequence identity between nucleic acid sequences can be determined using Fasta 
with its default parameters (a word size of 6 and the NOP AM factor for the scoring 
matrix) as provided in GCG Version 6.1, herein incorporated by reference. Similar 
programs are available for amino acid sequences, e.g., the "Ciustal X" program. 

5 Generally, any of these programs are used at default settings, although one of skill in the 
art can alter these settings as needed. Alternatively, one of skill in the art can utilize 
another algorithm or computer program which provides at least the level of identity or 
alignment as that provided by the referenced algorithms and programs. 

The term "substantial homology" or "substantial similarity," when 

10 referring to a nucleic acid, or fragment thereof, indicates that, when optimally aligned 
with appropriate nucleotide insertions or deletions with another nucleic acid (or its 
complementary strand), there is nucleotide sequence identity in at least about 95 to 99% 
of the aligned sequences. Preferably, the homology is over full-length sequence, or an 
open reading frame thereof, or another suitable fragment which is at least 15 nucleotides 

1 5 in length. Examples of suitable fragments are described herein. 

The term "substantial homology" or "substantial similarity," when referring to 
amino acids or fragments thereof, indicates that, when optimally aligned with appropriate 
amino acid insertions or deletions with another amino acid (or its complementary strand), 
there is amino acid sequence identity in at least about 95 to 99% of the aligned sequences. 

20 Preferably, the homology is over full-length sequence, or a protein thereof, e.g., a cap 
protein, a rep protein, or a fragment thereof which is at least 8 amino acids, or more 
desirably, at least 15 amino acids in length. Examples of suitable fragments are described 
herein. 

By the term "highly conserved" is meant at least 80% identity, preferably at least 
25 90% identity, and more preferably, over 97% identity. Identity is readily determined by 
one of skill in the art by resort to algorithms and computer programs known by those of 
skill in the art. 

The term "percent sequence identity" or "identical" in the context of nucleic acid 
sequences refers to the residues in the two sequences which are the same when aligned for 
30 maximum correspondence. The length of sequence identity comparison may be over the 
full-length of the genome, the full-length of a gene coding sequence, or a fragment of at 
least about 500 to 5000 nucleotides, is desired. However, identity among smaller 
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fragments, e.g. of at least about nine nucleotides, usually at least about 20 to 24 
nucleotides, at least about 28 to 32 nucleotides, at least about 36 or more nucleotides, may 
also be desired. Similarly, "percent sequence identity" may be readily determined for 
amino acid sequences, over the full-length of a protein, or a fragment thereof. Suitably, a 
5 fragment is at least about 8 amino acids in length, and may be up to about 700 amino 
acids. Examples of suitable fragments are described herein. 

As described herein, the vectors of the invention containing the AAV capsid 
proteins of the invention are particularly well suited for use in applications in which the 
neutralizing antibodies diminish the effectiveness of other AAV serotype based vectors, 
10 as well as other viral vectors. The rAAV vectors of the invention are particularly 
advantageous in rAAV readministration and repeat gene therapy. 

These and other embodiments and advantages of the invention are described in 
more detail below. As used throughout this specification and the claims, the terms 
"comprising" and "including" are inclusive of other components, elements, integers, steps 
15 and the like. Conversely, the term "consisting" and its variants are exclusive of other 
components, elements, integers, steps and the like. 

A. AAV Serotype 9/hu14 Sequences 

The invention provides the nucleic acid sequences and amino acids of a 
novel AAV serotype, which is termed interchangeable herein as clone hu.14 (formerly 
20 termed 28.4) and huAAV9. 

1 . Nucleic Acid Sequences 

The AAV9 nucleic acid sequences of the invention include the 
DNA sequences of SEQ ID NO: 3, which consists of 221 1 nucleotides. 

The nucleic acid sequences of the invention further encompass the 
25 strand which is complementary to SEQ ID NO: 3, as well as the RNA and cDNA 

sequences corresponding to SEQ ID NO: 3] and its complementary strand. Also included 
in the nucleic acid sequences of the invention are natural variants and engineered 
modifications of SEQ ID NO: 3 and its complementary strand. Such modifications 
include, for example, labels that are known in the art, methylation, and substitution of one 
30 or more of the naturally occurring nucleotides with a degenerate nucleotide. 
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Further included in this invention are nucleic acid sequences 
which are greater than about 90%, more preferably at least about 95%, and most 
preferably at least about 98 to 99% identical or homologous to SEQ ID NO: 3. 

Also included within the invention are fragments of SEQ ID NO: 
5 3, its complementary strand, cDNA and RNA complementary thereto. Suitable fragments 
are at least 15 nucleotides in length, and encompass functional fragments, i.e., fragments 
which are of biological interest. Such fragments include the sequences encoding the three 
variable proteins (vp) of the AAV9/HU.14 capsid which are alternative splice variants: 
vpl [nt 1 to 22 11 of SEQ IDNO:3]; vp2 [about nt 411 to 22 11 of SEQ IDNO:3];and vp 
10 3 [nt about 609 to 221 1 of SEQ ID NO:3]. Other suitable fragments of SEQ ID NO:3, 
include the fragment which contains the start codon for the AAV9/HU. 14 capsid protein, 
and the fragments encoding the hypervariable regions of the vpl capsid protein, which are 
described herein. 

In addition to including the nucleic acid sequences provided in the 
15 figures and Sequence Listing, the present invention includes nucleic acid molecules and 
sequences which are designed to express the amino acid sequences, proteins and peptides 
of the AAV serotypes of the invention. Thus, the invention includes nucleic acid 
sequences which encode the following novel AAV amino acid sequences and artificial 
AAV serotypes generated using these sequences and/or unique fragments thereof. 
20 As used herein, artificial AAV serotypes include, without 

limitation, AAV with a non-naturally occurring capsid protein. Such an artificial capsid 
may be generated by any suitable technique, using a novel AAV sequence of the 
invention (e.g., a fragment of a vpl capsid protein) in combination with heterologous 
sequences which may be obtained from another AAV serotype (known or novel), non- 
25 contiguous portions of the same AAV serotype, from a non-AAV viral source, or from a 
non-viral source. An artificial AAV serotype may be, without limitation, a chimeric 
AAV capsid, a recombinant AAV capsid, or a "humanized" AAV capsid. 

2. AAV9/HU.14 Amino Acid Sequences, Proteins and 

Peptides 

30 The invention further provides proteins and fragments thereof which are 

encoded by the AAV9/HU.14 nucleic acids of the invention, and AAV9/HU.14 amino 
acids which are generated by other methods. The invention further encompasses AAV 
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serotypes generated using sequences of the novel AAV serotype of the invention, which 
are generated using synthetic, recombinant or other techniques known to those of skill in 
the art. The invention is not limited to novel AAV amino acid sequences, peptides and 
proteins expressed from the novel AAV nucleic acid sequences of the invention and 

5 encompasses amino acid sequences, peptides and proteins generated by other methods 
known in the art, including, e.g., by chemical synthesis, by other synthetic techniques, or 
by other methods. For example, the sequences of any of be readily generated using a 
variety of techniques. 

Suitable production techniques are well known to those of skill in the art. 

10 See, e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Press (Cold Spring Harbor, NY). Alternatively, peptides can also be synthesized by the 
well known solid phase peptide synthesis methods (Merrifield, J. Am. Chem. Soc, 
85:2149 (1962); Stewart and Young, Solid Phase Peptide Synthesis (Freeman, San 
Francisco, 1969) pp. 27-62). These and other suitable production methods are within the 

1 5 knowledge of those of skill in the art and are not a limitation of the present invention. 

Particularly desirable proteins include the AAV capsid proteins, which are 
encoded by the nucleotide sequences identified above. The AAV capsid is composed of 
three proteins, vpl, vp2 and vp3, which are alternative splice variants. The full-length 
sequence provided in figure 2 is that of vpl. The AAV9/HU.14 capsid proteins include 

20 vpl [aa 1 to 736 of SEQ ID NO: 123 ], vp2 [about aa 138 to 736 of SEQ ID NO: 123], and 
vp3 [about aa 203 to 736 of SEQ ID NO: 123] and functional fragments thereof. Other 
desirable fragments of the capsid protein include the constant and variable regions, 
located between hypervariable regions (HPV). Other desirable fragments of the capsid 
protein include the HPV themselves. 

25 An algorithm developed to determine areas of sequence divergence in 

AAV2 has yielded 12 hypervariable regions (HVR) of which 5 overlap or are part of the 
four previously described variable regions. [Chiorini etal, J. Virol, 73:1309-19 (1999); 
Rutledge et al, J. Virol., 72:309-3 19] Using this algorithm and/or the alignment 
techniques described herein, the HVR of the novel AAV serotypes are determined. For 

30 example, with respect to the number of the AAV2 vpl , the HVR are located as follows: 
HVR1, aa 146-152; HVR2, aa 182-186; HVR3, aa 262-264; HVR4, aa 381-383; HVR5, 
aa 450-474; HVR6, aa 490-495; HVR7, aa500-504; HVR8, aa 514-522; HVR9, aa 534- 
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555; HVR10, aa 581-594; HVR1 1, aa 658-667; and HVR12, aa 705-719. Using the 
alignment provided herein performed using the Clustal X program at default settings, or 
using other commercially or publicly available alignment programs at default settings, 
one of skill in the art can readily determine corresponding fragments of the novel AAV 
5 capsids of the invention. 

Still other desirable fragments of the AAV9/HU.14 capsid protein include 
amino acids 1 to 184 of SEQ ID NO: 123, amino acids 199 to 259; amino acids 274 to 
446; amino acids 603 to 659; amino acids 670 to 706; amino acids 724 to 736 of SEQ ID 
NO: 123; aa 185 - 198; aa 260-273; aa447-477; aa495-602; aa660-669; and aa707-723. 

1 0 Additionally, examples of other suitable fragments of AAV capsids include, with respect 
to the numbering of AAV9 [SEQ ID NO: 123], aa 24 - 42, aa 25 - 28; aa 81 - 85; aal 33- 
165;aa 134- 165;aa 137-143; aa 154-156; aa 194-208; aa 261-274; aa 262-274; aa 171- 
173; aa 413-417; aa 449-478; aa 494-525; aa 534-571; aa 581-601; aa 660-671; aa 709- 
723. Using the alignment provided herein performed using the Clustal X program at 

1 5 default settings, or using other commercially or publicly available alignment programs at 
default settings, one of skill in the art can readily determine corresponding fragments of 
the novel AAV capsids of the invention. 

Still other desirable AAV9/HU.14 proteins include the rep proteins 
include rep68y78 and rep40/52. 

20 Suitably, fragments are at least 8 amino acids in length. However, 

fragments of other desired lengths may be readily utilized. Such fragments may be 
produced recombinantly or by other suitable means, e.g., chemical synthesis. 

The invention further provides other AAV9/HU.14 sequences which are 
identified using the sequence information provided herein. For example, given the 

25 AAV9/HU.14 sequences provided herein, infectious AAV9/HU.14 may be isolated using 
genome walking technology (Siebert et aL, 1995, Nucleic Acid Research, 23:1087-1088, 
Friezner-Degen el al, 1986,/. Biol Chem. 261:6972-6985, BD Biosciences Clontech, 
Palo Alto, CA). Genome walking is particularly well suited for identifying and isolating 
the sequences adjacent to the novel sequences identified according to the method of the 

30 invention. This technique is also useful for isolating inverted terminal repeat (ITRs) of 
the novel AAV9/HU.14 serotype, based upon the novel AAV capsid and rep sequences 
provided herein. 
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The sequences, proteins, and fragments of the invention may be produced 
by any suitable means, including recombinant production, chemical synthesis, or other 
synthetic means. Such production methods are within the knowledge of those of skill in 
the art and are not a limitation of the present invention. 

5 

III. Production of rAAV with Novel AAV Capsids 

The invention encompasses novel AAV capsid sequences of which are free of 
DNA and/or cellular material with these viruses are associated in nature. To avoid 
repeating all of the novel AAV capsids provided herein, reference is made throughout this 
10 and the following sections to the hu.l4/AAV9 capsid. However, it should be appreciated 
that the other novel AAV capsid sequences of the invention can be used in a similar 
manner. 

In another aspect, the present invention provides molecules that utilize the novel 
AAV sequences of the invention, including fragments thereof, for production of 
15 molecules useful in delivery of a heterologous gene or other nucleic acid sequences to a 
target cell. 

In another aspect, the present invention provides molecules that utilize the AAV 
sequences of the invention, including fragments thereof, for production of viral vectors 
useful in delivery of a heterologous gene or other nucleic acid sequences to a target cell. 

20 The molecules of the invention which contain AAV sequences include any 

genetic element (vector) which may be delivered to a host cell, e.g., naked DNA, a 
plasmid, phage, transposon, cosmid, episome, a protein in a non-viral delivery vehicle 
(e.g., a lipid-based carrier), virus, etc. which transfer the sequences carried thereon. 
The selected vector may be delivered by any suitable method, including transfection, 

25 electroporation, liposome delivery, membrane fusion techniques, high velocity DNA- 
coated pellets, viral infection and protoplast fusion. The methods used to construct any 
embodiment of this invention are known to those with skill in nucleic acid manipulation 
and include genetic engineering, recombinant engineering, and synthetic techniques. See, 
e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 

30 Press, Cold Spring Harbor, NY. - 

In one embodiment, the vectors of the invention contain, at a minimum, 
sequences encoding an AAV capsid of the invention or a fragment thereof. In another 
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embodiment, the vectors of the invention contain, at a minimum, sequences encoding an 
AAV rep protein or a fragment thereof. Optionally, such vectors may contain both AAV 
cap and rep proteins. In vectors in which both AAV rep and cap are provides, the AAV 
rep and AAV cap sequences can originate from an AAV of the same clade. 
5 Alternatively, the present invention provides vectors in which the rep sequences are from 
an AAV serotype which differs from that which is providing the cap sequences. In one 
embodiment, the rep and cap sequences are expressed from separate sources (e.g., 
separate vectors, or a host cell and a vector). In another embodiment, these rep sequences 
are fused in frame to cap sequences of a different AAV serotype to form a chimeric AAV 

10 vector. Optionally, the vectors of the invention further contain a minigene comprising a 
selected transgene which is flanked by AAV 5* 1TR and AAV 3' ITR. 

Thus, in one embodiment, the vectors described herein contain nucleic acid 
sequences encoding an intact AAV capsid which may be from a single AAV serotype 
(e.g., AAV9/HU.14). Such a capsid may comprise amino acids 1 to 736 of SEQ ID 

1 5 NO: 1 23. Alternatively, these vectors contain sequences encoding artificial capsids which 
contain one or more fragments of the AAV9/HU. 14 capsid fused to heterologous AAV or 
non-AAV capsid proteins (or fragments thereof). These artificial capsid proteins are 
selected from non-contiguous portions of the AAV9/HU.14 capsid or from capsids of 
other AAV serotypes. For example, a rAAV may have a capsid protein comprising one 

20 or more of the AAV9/HU.14 capsid regions selected from the vp2 and/or vp3, or from vp 
1 , or fragments thereof selected from amino acids 1 to 184, amino acids 199 to 259; 
amino acids 274 to 446; amino acids 603 to 659; amino acids 670 to 706; amino acids 
724 to 738 of the AAV9/HU.14 capsid, SEQ ID NO: 123. In another example, it may be 
desirable to alter the start codon of the vp3 protein to GTG. Alternatively, the rAAV may 

25 contain one or more of the AAV serotype 9 capsid protein hypervariable regions which 
are identified herein, or other fragment including, without limitation, aa 185 - 198; aa 
260-273; aa447-477; aa495-602; aa660-669; and aa707-723 of the AAV9/HU.14 capsid. 
See, SEQ ID NO: 123. These modifications may be to increase expression, yield, and/or 
to improve purification in the selected expression systems, or for another desired purpose 

30 (e.g., to change tropism or alter neutralizing antibody epitopes). 

The vectors described herein, e.g., a plasmid, are useful for a variety of purposes, 
but are particularly well suited for use in production of a rAAV containing a capsid 
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comprising AAV sequences or a fragment thereof. These vectors, including rAAV, their 
elements, construction, and uses are described in detail herein. 

In one aspect, the invention provides a method of generating a recombinant 
adeno-associated virus (AAV) having an AAV serotype 8 capsid, or a portion thereof. 

5 Such a method involves culturing a host cell which contains a nucleic acid sequence 
encoding an AAV serotype 8 capsid protein, or fragment thereof, as defined herein; a 
functional rep gene; a minigene composed of, at a minimum, AAV inverted terminal 
repeats (ITRs) and a transgene; and sufficient helper functions to permit packaging of the 
minigene into the AAV9/HU.14 capsid protein. 

10 The components required to be cultured in the host cell to package an AAV 

minigene in an AAV capsid may be provided to the host cell in trans. Alternatively, any 
one or more of the required components (e.g., minigene, rep sequences, cap sequences, 
and/or helper functions) may be provided by a stable host cell which has been engineered 
to contain one or more of the required components using methods known to those of skill 

1 5 in the art. Most suitably, such a stable host cell will contain the required component(s) 
under the control of an inducible promoter. However, the required components) may be 
under the control of a constitutive promoter. Examples of suitable inducible and 
constitutive promoters are provided herein, in the discussion of regulatory elements 
suitable for use with the transgene. In still another alternative, a selected stable host cell 

20 may contain selected component(s) under the control of a constitutive promoter and other 
selected component(s) under the control of one or more inducible promoters. For 
example, a stable host cell may be generated which is derived from 293 cells (which 
contain El helper functions under the control of a constitutive promoter), but which 
contains the rep and/or cap proteins under the control of inducible promoters. Still other 

25 stable host cells may be generated by one of skill in the art. 

The minigene, rep sequences, cap sequences, and helper functions required for 
producing the rAAV of the invention may be delivered to the packaging host cell in the 
form of any genetic element which transfer the sequences carried thereon. The selected 
genetic element may be delivered by any suitable method, including those described 

30 herein. The methods used to construct any embodiment of this invention are known to 
those with skill in nucleic acid manipulation and include genetic engineering, 
recombinant engineering, and synthetic techniques. See, e.g., Sambrook et al, Molecular 
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Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY. 
Similarly, methods of generating rAAV virions are well known and the selection of a 
suitable method is not a limitation on the present invention. See, e.g., K. Fisher et al, J. 
Virol, 70:520-532 (1993) and US Patent No. 5,478,745. 
5 Unless otherwise specified, the AAV ITRs, and other selected AAV components 

described herein, may be readily selected from among any AAV serotype, including, 
without limitation, AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV9 and one 
of the other novel AAV serotypes of the invention. These ITRs or other AAV 
components may be readily isolated using techniques available to those of skill in the art 

10 from an AAV serotype. Such AAV may be isolated or obtained from academic, 

commercial, or public sources (e.g., the American Type Culture Collection, Manassas, 
VA). Alternatively, the AAV sequences may be obtained through synthetic or other 
suitable means by reference to published sequences such as are available in the literature 
or in databases such as, e.g., GenBank®, PubMed®, or the like. 

15 A. The Minigene 

The minigene is composed of, at a minimum, a transgene and its 
regulatory sequences, and 5' and 3' AAV inverted terminal repeats (ITRs). In one 
desirable embodiment, the ITRs of AAV serotype 2 are used. However, ITRs from other 
suitable serotypes may be selected. It is this minigene that is packaged into a capsid 

20 protein and delivered to a selected host cell. 

1 . The transgene 

The transgene is a nucleic acid sequence, heterologous to 
the vector sequences flanking the transgene, which encodes a polypeptide, protein, or 
other product, of interest. The nucleic acid coding sequence is operatively linked to 

25 regulatory components in a manner which permits transgene transcription, translation, 
and/or expression in a host cell. 

The composition of the transgene sequence will depend 
upon the use to which the resulting vector will be put. For example, one type of 
transgene sequence includes a reporter sequence, which upon expression produces a 

30 . detectable signal. Such reporter sequences include, without limitation, DNA sequences 
encoding p-lactamase, (3-galactosidase (LacZ), alkaline phosphatase, thymidine kinase, 
green fluorescent protein (GFP), chloramphenicol acetyltransferase (CAT), luciferase, 
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membrane bound proteins including, for example, CD2, CD4, CD8, the influenza 
hemagglutinin protein, and others well known in the art, to which high affinity antibodies 
directed thereto exist or can be produced by conventional means, and fusion proteins 
comprising a membrane bound protein appropriately fused to an antigen tag domain from, 
5 among others, hemagglutinin or Myc. 

These coding sequences, when associated with regulatory 
elements which drive their expression, provide signals detectable by conventional means, 
including enzymatic, radiographic, colorimetric, fluorescence or other spectrograph^ 
assays, fluorescent activating cell sorting assays and immunological assays, including 

10 enzyme linked immunosorbent assay (ELISA), radioimmunoassay (RIA) and 

immunohistochemistry. For example, where the marker sequence is the LacZ gene, the 
presence of the vector carrying the signal is detected by assays for beta-galactosidase 
activity. Where the transgene is green fluorescent protein or luciferase, the vector 
carrying the signal may be measured visually by color or light production in a 

15 luminometer. 

However, desirably, the transgene is a non-marker 
sequence encoding a product which is useful in biology and medicine, such as proteins, 
peptides, RNA, enzymes, dominant negative mutants, or catalytic RNAs. Desirable 
RNA molecules include tRNA, dsRNA, ribosomal RNA, catalytic RNAs, siRNA, small 

20 hairpin RNA, trans-splicing RNA, and antisense RNAs. One example of a useful RNA 
sequence is a sequence which inhibits or extinguishes expression of a targeted nucleic 
acid sequence in the treated animal. Typically, suitable target sequences include 
oncologic targets and viral diseases. See, for examples of such targets the oncologic 
targets and viruses identified below in the section relating to immunogens. 

25 The transgene may be used to correct or ameliorate gene 

deficiencies, which may include deficiencies in which normal genes are expressed at less 
than normal levels or deficiencies in which the functional gene product is not expressed. 
A preferred type of transgene sequence encodes a therapeutic protein or polypeptide 
which is expressed in a host cell. The invention further includes using multiple 

30 trahsgenes, e.g., to correct or ameliorate a gene defect caused by a multi-subunit protein. 
In certain situations, a different transgene may be used to encode each subunit of a 
protein, or to encode different peptides or proteins. This is desirable when the size of the 
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DNA encoding the protein subunit is large, e.g., for an immunoglobulin, the platelet- 
derived growth factor, or a dystrophin protein. In order for the cell to produce the multi- 
subunit protein, a cell is infected with the recombinant virus containing each of the 
different subunits. Alternatively, different subunits of a protein may be encoded by the 
5 same transgene. In this case, a single transgene includes the DNA encoding each of the 
subunits, with the DNA for each subunit separated by an internal ribozyme entry site 
(IRES). This is desirable when the size of the DNA encoding each of the subunits is 
small, e.g., the total size of the DNA encoding the subunits and the IRES is less than five 
kilobases. As an alternative to an IRES, the DNA may be separated by sequences 

10 encoding a 2A peptide, which self-cleaves in a post-trans lational event. See, e.g., ML. 
Donnelly, et al,J. Gen. Virol. , 78(Pt 1): 13-21 (Jan 1997); Furler, S., etal, Gene Ther., 
8(1 1):864-873 (June 2001); Klump H., et al y Gene Ther., 8(10):81 1-817 (May 2001). 
This 2A peptide is significantly smaller than an IRES, making it well suited for use when 
space is a limiting factor. More often, when the transgene is large, consists of multi- 

1 5 subunits, or two transgenes are co-delivered, rAAV carrying the desired transgene(s) or 
subunits are co-administered to allow them to concatamerize in vivo to form a single 
vector genome. In such an embodiment, a first AAV may carry an expression cassette 
which expresses a single transgene and a second AAV may carry an expression cassette 
which expresses a different transgene for co-expression in the host cell. However, the 

20 selected transgene may encode any biologically active product or other product, e.g., a 
product desirable for study. 

Suitable transgenes may be readily selected by one of skill 
in the art. The selection of the transgene is not considered to be a limitation of this 
invention. 

25 2. Regulatory Elements 

In addition to the major elements identified above for the 
minigene, the vector also includes conventional control elements which are operably 
linked to the transgene in a manner which permits its transcription, translation and/or 
expression in a cell transfected with the plasmid vector or infected with the virus 

30 produced by the invention. As used herein, "operably linked" sequences include both 

expression control sequences that are contiguous with the gene of interest and expression 
control sequences that act in trans or at a distance to control the gene of interest. 



25 



Expression control sequences include appropriate 
transcription initiation, termination, promoter and enhancer sequences; efficient RNA 
processing signals such as splicing and polyadenylation (poly A) signals; sequences that 
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency {i.e., Kozak 
5 consensus sequence); sequences that enhance protein stability; and when desired, 

sequences that enhance secretion of the encoded product. A great number of expression 
control sequences, including promoters which are native, constitutive, inducible and/or 
tissue-specific, are known in the art and may be utilized. 

Examples of constitutive promoters include, without 

10 limitation, the retroviral Rous sarcoma virus (RSV) LTR promoter (optionally with the 
RSV enhancer), the cytomegalovirus (CMV) promoter (optionally with the CMV 
enhancer) [see, e.g., Boshart et al, Cell, 41:521-530 (1985)], the SV40 promoter, the 
dihydrofolate reductase promoter, the 0-actin promoter, the phosphoglycerol kinase 
(PGK) promoter, and the EF1 promoter [Invitrogen], Inducible promoters allow 

15 regulation of gene expression and can be regulated by exogenously supplied compounds, 
environmental factors such as temperature, or the presence of a specific physiological 
state, e.g., acute phase, a particular differentiation state of the cell, or in replicating cells 
only. Inducible promoters and inducible systems are available from a variety of 
commercial sources, including, without limitation, Invitrogen, Clontech and Ariad. Many 

20 other systems have been described and can be readily selected by one of skill in the art. 
Examples of inducible promoters regulated by exogenously supplied compounds, include, 
the zinc-inducible sheep metallothionine (MT) promoter, the dexamethasone (Dex)- 
inducible mouse mammary tumor virus (MMTV) promoter, the T7 polymerase promoter 
system [International Patent Publication No. WO 98/10088]; the ecdysone insect 

25 promoter [No etal, Proc. Natl. Acad. Sci. USA, 93:3346-3351 (1996)], the tetracycline- 
repressible system [Gossen et al, Proc. Natl. Acad. ScL USA, 89:5547-5551 (1992)], the 
tetracycline-inducible system [Gossen et al, Science, 268:1766-1769 (1995), see also 
Harvey et al, Curr. Opin. Chem. BioL, 2:5 12-51 8 (1998)], the RU486-inducible system 
[Wang et al, Nat. Biotech., 15:239-243 (1 997) and Wang et al, Gene Ther., 4:432-441 

30 (1997)] and the rapamycin-inducible system [Magari et al,J. Clin, invest., 100:2865-2872 
(1997)]. Other types of inducible promoters which may be useful in this context are those 
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which are regulated by a specific physiological state, e.g., temperature, acute phase, a 
particular differentiation state of the cell, or in replicating cells only. 

In another embodiment, the native promoter for the 
transgene will be used. The native promoter may be preferred when it is desired that 
5 expression of the transgene should mimic the native expression. The native promoter 
may be used when expression of the transgene must be regulated temporally or 
developmental ly, or in a tissue-specific manner, or in response to specific transcriptional 
stimuli. In a further embodiment, other native expression control elements, such as 
enhancer elements, polyadenylation sites or Kozak consensus sequences may also be used 
10 to mimic the native expression. 

Another embodiment of the transgene includes a gene 
operably linked to a tissue-specific promoter. For instance, if expression in skeletal 
muscle is desired, a promoter active in muscle should be used. These include the 
promoters from genes encoding skeletal p-actin, myosin light chain 2A, dystrophin, 

15 muscle creatine kinase, as well as synthetic muscle promoters with activities higher than 
naturally-occurring promoters (see Li et al, Nat. Biotech., 17:241-245 (1999)). Examples 
of promoters that are tissue-specific are known for liver (albumin, Miyatake et ai 9 J. 
Virol, 71:5124-32 (1997); hepatitis B virus core promoter, Sandig et al, Gene Ther., 
3:1002-9 (1996); alpha-fetoprotein (AFP), Arbuthnot et al,Hum, Gene Ther., 7:1503-14 

20 (1 996)), bone osteocalcin (Stein et al, Mol Biol Rep., 24: 1 85-96 (1 997)); bone 

sialoprotein (Chen et al, J. Bone Miner. Res., 11:654-64 (1996)), lymphocytes (CD2, 
Hansal etal,J. Immunol, 161:1063-8 (1998); immunoglobulin heavy chain; T cell 
receptor chain), neuronal such as neuron-specific enolase (NSE) promoter (Andersen et 
al, Cell Mol. NeurobioL, 13:503-15 (1993)), neurofilament light-chain gene (Piccioli et 

25 al, Proc. Natl Acad. Sci. USA, 88:561 1-5 (1991)), and the neuron-specific vgf gene 
(Piccioli et al, Neuron, 15:373-84 (1 995)), among others. 

Optionally, plasmids carrying therapeutically useful 
transgenes may also include selectable markers or reporter genes may include sequences 
encoding geneticin, hygromicin or purimycin resistance, among others. Such selectable 

30 'reporters or marker genes (preferably located outside the viral genome-to be rescued by 
the method of the invention) can be used to signal the presence of the plasmids in 
bacterial cells, such as ampicillin resistance. Other components of the plasmid may 
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include an origin of replication. Selection of these and other promoters and vector 
elements are conventional and many such sequences are available [see, e.g., Sambrook et 
al, and references cited therein]. 

The combination of the transgene, promoter/enhancer, and 
5 5' and 3' ITRs is referred to as a M minigene M for ease of reference herein. Provided with 
the teachings of this invention, the design of such a minigene can be made by resort to 
conventional techniques. 

3. Delivery of the Minigene to a Packaging Host Cell 

The minigene can be carried on any suitable vector, e.g., a 

10 plasmid, which is delivered to a host cell. The plasmids useful in this invention may be 
engineered such that they are suitable for replication and, optionally, integration in 
prokaryotic cells, mammalian cells, or both. These plasmids (or other vectors carrying 
the 5* AAV ITR-heterologous molecule-3' AAV ITR) contain sequences permitting 
replication of the minigene in eukaryotes and/or prokaryotes and selection markers for 

1 5 these systems. Selectable markers or reporter genes may include sequences encoding 
geneticin, hygromicin or purimycin resistance, among others. The plasmids may also 
contain certain selectable reporters or marker genes that can be used to signal the 
presence of the vector in bacterial cells, such as ampicillin resistance. Other components 
of the plasmid may include an origin of replication and an amplicon, such as the amplicon 

20 system employing the Epstein Barr virus nuclear antigen. This amplicon system, or other 
similar amplicon components permit high copy episomal replication in the cells. 
Preferably, the molecule carrying the minigene is transfected into the cell, where it may 
exist transiently. Alternatively, the minigene (carrying the 5 f AAV ITR-heterologous 
molecule-3' ITR) may be stably integrated into the genome of the host cell, either 

25 chromosomally or as an episome. In certain embodiments, the minigene may be present 
in multiple copies, optionally in head-to-head, head-to-tail, or tail-to-tail concatamers. 
Suitable transfection techniques are known and may readily be utilized to deliver the 
minigene to the host cell. 

Generally, when delivering the vector comprising the minigene by 

30 transfection, the vector is delivered in an amount from about 5 \xg to about 100 \ig DNA, 
about 10 to about 50 \ig DNA to about 1 x 10 4 cells to about I x 10 13 cells, or about 10 s 
cells. However, the relative amounts of vector DNA to host cells may be adjusted, taking 
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into consideration such factors as the selected vector, the delivery method and the host 
cells selected. 

B. Rep and Cap Sequences 

In addition to the minigene, the host cell contains the sequences 

5 which drive expression of the a novel AAV capsid protein of the invention (or a capsid 
protein comprising a fragment thereof) in the host cell and rep sequences of the same 
serotype as the serotype of the AAV ITRs found in the minigene, or a cross- 
complementing serotype. The AAV cap and rep sequences may be independently 
obtained from an AAV source as described above and may be introduced into the host 

1 0 cell in any manner known to one in the art as described above. Additionally, when 

pseudotyping an AAV vector in (e.g., an AAV9/HU.14 capsid), the sequences encoding 
each of the essential rep proteins may be supplied by different AAV serotypes (e.g., 
AAV1 , AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8). For example, the 
rep78/68 sequences may be from AAV2, whereas the rep52/40 sequences may be from 

15 AAV8. 

In one embodiment, the host cell stably contains the capsid protein 
under the control of a suitable promoter, such as those described above. Most desirably, 
in this embodiment, the capsid protein is expressed under the control of an inducible 
promoter. In another embodiment, the capsid protein is supplied to the host cell in trans. 

20 When delivered to the host cell in trans, the capsid protein may be delivered via a 
plasmid which contains the sequences necessary to direct expression of the selected 
capsid protein in the host cell. Most desirably, when delivered to the host cell in trans, 
the plasmid carrying the capsid protein also carries other sequences required for 
packaging the rAAV, e.g., the rep sequences. 

25 In another embodiment, the host cell stably contains the rep 

sequences under the control of a suitable promoter, such as those described above. Most 
desirably, in this embodiment, the essential rep proteins are expressed under the control 
of an inducible promoter. In another embodiment, the rep proteins are supplied to the 
host cell in trans. When delivered to the host cell in trans, the rep proteins may be 

30 delivered via a plasmid which contains the sequences necessary to direct expression of 
the selected rep proteins in the host cell. Most desirably, when delivered to the host cell 



29 



in trans, the plasmid carrying the capsid protein also carries other sequences required for 
packaging the rAAV, e.g., the rep and cap sequences. 

Thus, in one embodiment, the rep and cap sequences may be 
transfected into the host cell on a single nucleic acid molecule and exist stably in the cell 
5 as an episome. In another embodiment, the rep and cap sequences are stably integrated 
into the chromosome of the cell. Another embodiment has the rep and cap sequences 
transiently expressed in the host cell. For example, a useful nucleic acid molecule for 
such transfection comprises, from 5* to 3 f , a promoter, an optional spacer interposed 
between the promoter and the start site of the rep gene sequence, an AAV rep gene 

10 sequence, and an AAV cap gene sequence. 

Optionally, the rep and/or cap sequences may be supplied on a 
vector that contains other DNA sequences that are to be introduced into the host cells. 
For instance, the vector may contain the rAAV construct comprising the minigene. The 
vector may comprise one or more of the genes encoding the helper functions, e.g., the 

1 5 adenoviral proteins El , E2a, and E4 ORF6, and the gene for VAI RMA. 

Preferably, the promoter used in this construct may be any of the 
constitutive, inducible or native promoters known to one of skill in the art or as discussed 
above. In one embodiment, an AAV P5 promoter sequence is employed. The selection 
of the AAV to provide any of these sequences does not limit the invention. 

20 In another preferred embodiment, the promoter for rep is an 

inducible promoter, such as are discussed above in connection with the transgene 
regulatory elements. One preferred promoter for rep expression is the T7 promoter. The 
vector comprising the rep gene regulated by the T7 promoter and the cap gene, is 
transfected or transformed into a cell which either constitutively or inducibly expresses 

25 the T7 polymerase. See International Patent Publication No. WO 98/10088, published 
March 12, 1998. 

The spacer is an optional element in the design of the vector. The 
spacer is a DNA sequence interposed between the promoter and the rep gene ATG start 
site. The spacer may have any desired design; that is, it may be a random sequence of 
30 nucleotides, or alternatively, it may encode a gene product, such as a marker gene. The 
spacer may contain genes which typically incorporate start/stop and polyA sites. The 
spacer may be a non-coding DNA sequence from a prokaryote or eukaryote, a repetitive 

30 



non-coding sequence, a coding sequence without transcriptional controls or a coding 
sequence with transcriptional controls. Two exemplary sources of spacer sequences are 
the phage ladder sequences or yeast ladder sequences, which are available commercially, 
e.g., from Gibco or Invitrogen, among others. The spacer may be of any size sufficient to 
5 reduce expression of the replS and rep6i gene products, leaving the rep52, repAO and 
cap gene products expressed at normal levels. The length of the spacer may therefore 
range from about 10 bp to about 10.0 kbp, preferably in the range of about 100 bp to 
about 8.0 kbp. To reduce the possibility of recombination, the spacer is preferably less 
than 2 kbp in length; however, the invention is not so limited. 

10 Although the molecule(s) providing rep and cap may exist in the 

host cell transiently (/.e., through transfection), it is preferred that one or both of the rep 
and cap proteins and the promoter(s) controlling their expression be stably expressed in 
the host cell, e.g., as an episome or by integration into the chromosome of the host cell. 
The methods employed for constructing embodiments of this invention are conventional 

1 5 genetic engineering or recombinant engineering techniques such as those described in the 
references above. While this specification provides illustrative examples of specific 
constructs, using the information provided herein, one of skill in the art may select and 
design other suitable constructs, using a choice of spacers, P5 promoters, and other 
elements, including at least one translational start and stop signal, and the optional 

20 addition of polyadenylation sites. 

In another embodiment of this invention, the rep or cap protein 
may be provided stably by a host cell. 

C. The Helper Functions 

The packaging host cell also requires helper functions in order to 

25 package the rAAV of the invention. Optionally, these functions may be supplied by a 
herpesvirus. Most desirably, the necessary helper functions are each provided from a 
human or non-human primate adenovirus source, such as those described above and/or 
are available from a variety of sources, including the American Type Culture Collection 
(ATCC), Manassas, VA (US). In one currently preferred embodiment, the host cell is 

30 provided with and/or contains an Eta gene product, an El b gene product, an E2a gene 
product, and/or an E4 ORP6 gene product. The host cell may contain other adenoviral 
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genes such as VAI RNA, but these genes are not required. In a preferred embodiment, no 
other adenovirus genes or gene functions are present in the host cell. 

By "adenoviral DNA which expresses the El a gene product", it is 
meant any adenovirus sequence encoding Ela or any functional Ela portion. Adenoviral 
5 DNA which expresses the E2a gene product and adenoviral DNA which expresses the E4 
ORF6 gene products are defined similarly. Also included are any alleles or other 
modifications of the adenoviral gene or functional portion thereof. Such modifications 
may be deliberately introduced by resort to conventional genetic engineering or 
mutagenic techniques to enhance the adenoviral function in some manner, as well as 
10 naturally occurring allelic variants thereof. Such modifications and methods for 

manipulating DNA to achieve these adenovirus gene functions are known to those of skill 
in the art. 

The adenovirus Ela, Elb, E2a, and/or E40RF6 gene products, as 
well as any other desired helper functions, can be provided using any means that allows 

1 5 their expression in a cell. Each of the sequences encoding these products may be on a 

separate vector, or one or more genes may be on the same vector. The vector may be any 
vector known in the art or disclosed above, including plasmids, cosmids and viruses. 
Introduction into the host cell of the vector may be achieved by any means known in the 
art or as disclosed above, including transfection, infection, electroporation, liposome 

20 delivery, membrane fusion techniques, high velocity DNA-coated pellets, viral infection 
and protoplast fusion, among others. One or more of the adenoviral genes may be stably 
integrated into the genome of the host cell, stably expressed as episomes, or expressed 
transiently. The gene products may all be expressed transiently, on an episome or stably 
integrated, or some of the gene products may be expressed stably while others are 

25 expressed transiently. Furthermore, the promoters for each of the adenoviral genes may 
be selected independently from a constitutive promoter, an inducible promoter or a native 
adenoviral promoter. The promoters may be regulated by a specific physiological state of 
the organism or cell (i.e., by the differentiation state or in replicating or quiescent cells) or 
by exogenously added factors, for example. 

30 D. Host Cells And Packaging Cell Lines 

The host cell itself may be selected from any biological organism, 
including prokaryotic (e.g., bacterial) cells, and eukaryotic cells, including, insect cells, 
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yeast cells and mammalian cells. Particularly desirable host cells are selected from 
among any mammalian species, including, without limitation, cells such as A549, WEH1, 
3T3, 10T1/2, BHK, MDCK, COS 1, COS 7, BSC 1, BSC 40, BMT 10, VERO, WI38, 
HeLa, 293 cells (which express functional adenoviral El), Saos, C2C12, L cells, HT1080, 
5 HepG2 and primary fibroblast, hepatocyte and myoblast cells derived from mammals 
including human, monkey, mouse, rat, rabbit, and hamster. The selection of the 
mammalian species providing the cells is not a limitation of this invention; nor is the type 
of mammalian cell, i.e., fibroblast, hepatocyte, tumor cell, etc. The requirements for the 
cell used is that it not carry any adenovirus gene other than El, E2a and/or E4 ORF6; it 

1 0 not contain any other virus gene which could result in homologous recombination of a 
contaminating virus during the production of rAAV; and it is capable of infection or 
transfection of DNA and expression of the transfected DNA. In a preferred embodiment, 
the host cell is one that has rep and cap stably transfected in the cell. 

One host cell useful in the present invention is a host cell stably 

1 5 transformed with the sequences encoding rep and cap, and which is transfected with the 
adenovirus El, E2a, and E40RF6 DNA and a construct carrying the minigene as 
described above. Stable rep and/or cap expressing cell lines, such as B-50 (International 
Patent Application Publication No. WO 99/15685), or those described in US Patent No. 
5,658,785, may also be similarly employed. Another desirable host cell contains the 

20 minimum adenoviral DNA which is sufficient to express E4 ORF6. Yet other cell lines 
can be constructed using the novel AAV9 cap sequences of the invention. 

The preparation of a host cell according to this invention involves 
techniques such as assembly of selected DNA sequences. This assembly may be 
accomplished utilizing conventional techniques. Such techniques include cDNA and 

25 genomic cloning, which are well known and are described in Sambrook et al., cited 
above, use of overlapping oligonucleotide sequences of the adenovirus and AAV 
genomes, combined with polymerase chain reaction, synthetic methods, and any other 
suitable methods which provide the desired nucleotide sequence. 

Introduction of the molecules (as plasmids or viruses) into the host 

30 cell may also be accomplished using techniques known to the skilled artisan and as 

discussed throughout the specification. In preferred embodiment, standard transfection 
techniques are used, e.g., CaP0 4 transfection or electroporation, and/or infection by 
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hybrid adenovirus/AAV vectors into cell lines such as the human embryonic kidney cell 
line HEK 293 (a human kidney cell line containing functional adenovirus El genes which 
provides trans-acting El proteins). 

The AAV9/HU.14 based vectors which are generated by one of 
5 skill in the art are beneficial for gene delivery to selected host cells and gene therapy 

patients since no neutralization antibodies to AAV9/HU.14 have been found in the human 
population. One of skill in the art may readily prepare other rAAV viral vectors 
containing the AAV9/HU.14 capsid proteins provided herein using a variety of 
techniques known to those of skill in the art. One may similarly prepare still other rAAV 

10 viral vectors containing AAV9/HU. 14 sequence and AAV capsids of another serotype. 

One of skill in the art will readily understand that the novel AAV 
sequences of the invention can be readily adapted for use in these and other viral vector 
systems for in vitro, ex vivo or in vivo gene delivery. Similarly, one of skill in the art can 
readily select other fragments of the AAV genome of the invention for use in a variety of 

15 rAAV and non-rAAV vector systems. Such vectors systems may include, e.g., 

lentiviruses, retroviruses, poxviruses, vaccinia viruses, and adenoviral systems, among 
others. Selection of these vector systems is not a limitation of the present invention. 

Thus, the invention further provides vectors generated using the 
nucleic acid and amino acid sequences of the novel AAV of the invention. Such vectors 

20 are useful for a variety of purposes, including for delivery of therapeutic molecules and 
for use in vaccine regimens. Particularly desirable for delivery of therapeutic molecules 
are recombinant AAV containing capsids of the novel AAV of the invention. These, or 
other vector constructs containing novel AAV sequences of the invention may be used in 
vaccine regimens, e.g., for co-delivery of a cytokine, or for delivery of the immunogen 

25 itself. 

IV. Recombinant Viruses And Uses Therefor 

Using the techniques described herein, one of skill in the art can generate a rAAV 
having a capsid of an AAV of the invention or having a capsid containing one or more 
30 fragments of an AAV of the invention. In one embodiment, a full-length capsid from a 
single AAV, e.g., hu.l4/AAV9 [SEQ ID NO: 123] can be utilized. In another 
embodiment, a full-length capsid may be generated which contains one or more 
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fragments of the novel AAV capsid of the invention fused in frame with sequences from 
another selected AAV, or from heterologous (i.e., non-contiguous) portions of the same 
AAV. For example, a rAAV may contain one or more of the novel hypervariable region 
sequences of AAV9/HU.14. Alternatively, the unique AAV sequences of the invention 
5 may be used in constructs containing other viral or non-viral sequences. Optionally, a 
recombinant virus may carry AAV rep sequences encoding one or more of the AAV rep 
proteins. 

A. Delivery of Viruses 

In another aspect, the present invention provides a method for delivery of 

10 a transgene to a host which involves transfecting or infecting a selected host cell with a 
recombinant viral vector generated with the AAV9/HU.14 sequences (or functional 
fragments thereof) of the invention. Methods for delivery are well known to those of skill 
in the art and are not a limitation of the present invention. 

In one desirable embodiment, the invention provides a method for AAV- 

15 mediated delivery of a transgene to a host. This method involves transfecting or infecting 
a selected host cell with a recombinant viral vector containing a selected transgene under 
the control of sequences that direct expression thereof and AAV9 capsid proteins. 

Optionally, a sample from the host may be first assayed for the presence 
of antibodies to a selected AAV serotype. A variety of assay formats for detecting 

20 neutralizing antibodies are well known to those of skill in the art. The selection of such 
an assay is not a limitation of the present invention. See, e.g., Fisher et al, Nature Med, 
3(3):306-3 12 (March 1997) and W. C. Manning et al, Human Gene Therapy, 9:477-485 
(March 1, 1998). The results of this assay may be used to determine which AAV vector 
containing capsid proteins of a particular serotype are preferred for delivery, e.g., by the 

25 absence of neutralizing antibodies specific for that capsid serotype. 

In one aspect of this method, the delivery of vector with AAV capsid 
proteins of the invention may precede or follow delivery of a gene via a vector with a 
different AAV capsid protein. Thus, gene delivery via rAAV vectors may be used for 
repeat gene delivery to a selected host cell. Desirably, subsequently administered rAAV 

30 vectors carry the same transgene as the first rAAV vector, but the subsequently 

administered vectors contain capsid proteins of serotypes which differ from the first 
vector. For example, if a first vector has AAV9/HU. 14 capsid proteins, subsequently 
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administered vectors may have capsid proteins selected from among the other AAV, 
optionally, from another serotype or from another clade. 

Optionally, multiple rAAV vectors can be used to deliver large transgenes 
or multiple transgenes by co-administration of rAAV vectors concatamerize in vivo to 
5 form a single vector genome. In such an embodiment, a first AAV may carry an 

expression cassette which expresses a single transgene (or a subunit thereof) and a second 
AAV may carry an expression cassette which expresses a second transgene (or a different 
subunit) for co-expression in the host cell. A first AAV may carry an expression cassette 
which is a first piece of a polycistronic construct (e.g., a promoter and transgene, or 

1 0 subunit) and a second AAV may carry an expression cassette which is a second piece of a 
polycistronic construct (e.g., transgene or subunit and a polyA sequence). These two 
pieces of a polycistronic construct concatamerize in vivo to form a single vector genome 
that co-expresses the transgenes delivered by the first and second AAV. In such 
embodiments, the rAAV vector carrying the first expression cassette and the rAAV vector 

1 5 carrying the second expression cassette can be delivered in a single pharmaceutical 
composition. In other embodiments, the two or more rAAV vectors are delivered as 
separate pharmaceutical compositions which can be administered substantially 
simultaneously, or shortly before or after one another. 

The above-described recombinant vectors may be delivered to host cells 

20 according to published methods. The rAAV, preferably suspended in a physiologically 
compatible carrier, may be administered to a human or non-human mammalian patient. 
Suitable carriers may be readily selected by one of skill in the art in view of the indication 
for which the transfer virus is directed. For example, one suitable carrier includes saline, 
which may be formulated with a variety of buffering solutions (e.g., phosphate buffered 

25 saline). Other exemplary carriers include sterile saline, lactose, sucrose, calcium 

phosphate, gelatin, dextran, agar, pectin, peanut oil, sesame oil, and water. The selection 
of the carrier is not a limitation of the present invention. 

Optionally, the compositions of the invention may contain, in addition to 
the rAAV and carrier(s), other conventional pharmaceutical ingredients, such as 

30 preservatives, or chemical stabilizers. Suitable exemplary preservatives include 

chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, 
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ethyl vanillin, glycerin, phenol, and parachlorophenol. Suitable chemical stabilizers 
include gelatin and albumin. 

The vectors are administered in sufficient amounts to transfect the cells 
and to provide sufficient levels of gene transfer and expression to provide a therapeutic 
5 benefit without undue adverse effects, or with medically acceptable physiological effects, 
which can be determined by those skilled in the medical arts. Conventional and 
pharmaceutical ly acceptable routes of administration include, but are not limited to, direct 
delivery to a desired organ (e.g., the liver (optionally via the hepatic artery) or lung), oral, 
inhalation, intranasal, intratracheal, intraarterial, intraocular, intravenous, intramuscular, 

10 subcutaneous, intradermal, and other parental routes of administration. Routes of 
administration may be combined, if desired. 

Dosages of the viral vector will depend primarily on factors such as the 
condition being treated, the age, weight and health of the patient, and may thus vary 
among patients. For example, a therapeutically effective human dosage of the viral vector 

15 is generally in the range of from about 0. 1 ml to about 100 ml of solution containing 
concentrations of from about 1 x 10 9 to 1 x 10 16 genomes virus vector. A preferred 
human dosage for delivery to large organs (e.g., liver, muscle, heart and lung) may be 
about 5 x 10 !0 to 5 x 10 13 AAV genomes per 1 kg, at a volume of about 1 to 100 mL. A 
preferred dosage for delivery to eye is about 5 x 10 9 to 5 x 10 12 genome copies, at a 

20 volume of about 0.1 mL to 1 mL. The dosage will be adjusted to balance the therapeutic 
benefit against any side effects and such dosages may vary depending upon the 
therapeutic application for which the recombinant vector is employed. The levels of 
expression of the transgene can be monitored to determine the frequency of dosage 
resulting in viral vectors, preferably AAV vectors containing the minigene. Optionally, 

25 dosage regimens similar to those described for therapeutic purposes may be utilized for 
immunization using the compositions of the invention. 

Examples of therapeutic products and immunogenic products for delivery 
by the AAV-containing vectors of the invention are provided below. These vectors may 
be used for a variety of therapeutic or vaccinal regimens, as described herein. 

30 Additionally, these vectors may be delivered in combination with one or more other 
vectors or active ingredients in a desired therapeutic and/or vaccinal regimen. 
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B. Therapeutic Transgenes 

Useful therapeutic products encoded by the transgene include hormones 
and growth and differentiation factors including, without limitation, insulin, glucagon, 
growth hormone (GH), parathyroid hormone (PTH), growth hormone releasing factor 
5 (GRF), follicle stimulating hormone (FSH), luteinizing hormone (LH), human chorionic 
gonadotropin (hCG), vascular endothelial growth factor (VEGF), angiopoietins, 
angiostatin, granulocyte colony stimulating factor (GCSF), erythropoietin (EPO), 
connective tissue growth factor (CTGF), basic fibroblast growth factor (bFGF), acidic 
fibroblast growth factor (aFGF), epidermal growth factor (EGF), platelet-derived growth 

10 factor (PDGF), insulin growth factors I and II (IGF-I and IGF-II), any one of the 

transforming growth factor a superfamily, including TGFa, activins, inhibins, or any of 
the bone morphogenic proteins (BMP) BMPs 1 -1 5, any one of the 
heregluin/neuregulin/ARIA/neu differentiation factor (NDF) family of growth factors, 
nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophins 

1 5 NT-3 and NT-4/5, ciliary neurotrophic factor (CNTF), glial cell line derived neurotrophic 
factor (GDNF), neurturin, agrin, any one of the family of semaphorins/collapsins, netrin-1 
and netrin-2, hepatocyte growth factor (HGF), ephrins, noggin, sonic hedgehog and 
tyrosine hydroxylase. 

Other useful transgene products include proteins that regulate the immune 

20 system including, without limitation, cytokines and lymphokines such as thrombopoietin 
(TPO), interieukins (IL) IL-1 through IL-25 (including IL-2, 1L-4, IL-12 and IL-18), 
monocyte chemoattractant protein, leukemia inhibitory factor, granulocyte-macrophage 
colony stimulating factor, Fas ligand, tumor necrosis factors a and 0, interferons a, p, 
and y, stem cell factor, flk-2/flt3 ligand. Gene products produced by the immune system 

25 are also useful in the invention. These include, without limitations, immunoglobulins 
IgG, IgM, IgA, IgD and IgE, chimeric immunoglobulins, humanized antibodies, single 
chain antibodies, T cell receptors, chimeric T cell receptors, single chain T cell receptors, 
class I and class II MHC molecules, as well as engineered immunoglobulins and MHC 
molecules. Useful gene products also include complement regulatory proteins such as 

30 complement regulatory proteins, membrane cofactor protein (MCP), decay accelerating 
factor (DAF), CR1, CF2 and CD59. 
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Still other useful gene products include any one of the receptors for the 
hormones, growth factors, cytokines, lymphokines, regulatory proteins and immune 
system proteins. The invention encompasses receptors for cholesterol regulation and/or 
lipid modulation, including the low density lipoprotein (LDL) receptor, high density 
5 lipoprotein (HDL) receptor, the very low density lipoprotein (VLDL) receptor, and 

scavenger receptors. The invention also encompasses gene products such as members of 
the steroid hormone receptor superfamily including glucocorticoid receptors and estrogen 
receptors, Vitamin D receptors and other nuclear receptors. In addition, useful gene 
products include transcription factors such as junjos, max, mad, serum response factor 
10 (SRF), AP-1 , AP2, myb 9 MyoD and myogenin, ETS-box containing proteins, TFE3, E2F, 
ATF1, ATF2, ATF3, ATF4, ZF5, NFAT, CREB, HNF-4, C/EBP, SP1, CCAAT-box 
binding proteins, interferon regulation factor (IRF-1), Wilms tumor protein, ETS-binding 
protein, STAT, GATA-box binding proteins, e.g., GATA-3, and the forkhead family of 
winged helix proteins. 

1 5 Other useful gene products include, carbamoyl synthetase I, ornithine 

transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, arginase, 
fumarylacetacetate hydrolase, phenylalanine hydroxylase, alpha- 1 antitrypsin, glucose-6- 
phosphatase, porphobilinogen deaminase, cystathione beta-synthase, branched chain 
ketoacid decarboxylase, albumin, isovaleryl-coA dehydrogenase, propionyl CoA 

20 carboxylase, methyl malonyl CoA mutase, glutary! CoA dehydrogenase, insulin, beta- 
glucosidase, pyruvate carboxylate, hepatic phosphorylase, phosphorylase kinase, glycine 
decarboxylase, H-protein, T-protein, a cystic fibrosis transmembrane regulator (CFTR) 
sequence, and a dystrophin cDNA sequence. Still other useful gene products include 
enzymes such as may be useful in enzyme replacement therapy, which is useful in a 

25 variety of conditions resulting from deficient activity of enzyme. For example, enzymes 
that contain mannose-6-phosphate may be utilized in therapies for lysosomal storage 
diseases (e.g., a suitable gene includes that encoding p-glucuronidase (GUSB)). 

Still other useful gene products include those used for treatment of 
hemophilia, including hemophilia B (including Factor IX) and hemophilia A (including 

30 Factor VIII and its variants, such as" the light chain arid heavy chain of the heterodimer 
and the B-deleted domain; US Patent No. 6,200,560 and US Patent No. 6,221,349). The 
Factor VIII gene codes for 2351 amino acids and the protein has six domains, designated 
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from the amino to the terminal carboxy terminus as A1-A2-B-A3-C1-C2 [Wood et al, 
Nature, 312:330 (1984); Vehar etal, Nature 312:337 (1984); and Toole et al, Nature, 
342:337 (1984)]. Human Factor VIII is processed within the cell to yield a heterodimer 
primarily comprising a heavy chain containing the Al, A2 and B domains and a light 
5 chain containing the A3, CI and C2 domains. Both the single chain polypeptide and the 
heterodimer circulate in the plasma as inactive precursors, until activated by thrombin 
cleavage between the A2 and B domains, which releases the B domain and results in a 
heavy chain consisting of the Al and A2 domains. The B domain is deleted in the 
activated procoagulant form of the protein. Additionally, in the native protein, two 
10 polypeptide chains ("a" and "b"), flanking the B domain, are bound to a divalent calcium 
cation. 

In some embodiments, the minigene comprises first 57 base pairs of the 
Factor VIII heavy chain which encodes the 10 amino acid signal sequence, as well as the 
human growth hormone (hGH) polyadenylation sequence. In alternative embodiments, 

15 the minigene further comprises the Al and A2 domains, as well as 5 amino acids from the 
N-terminus of the B domain, and/or 85 amino acids of the C-terminus of the B domain, as 
well as the A3, CI and C2 domains. In yet other embodiments, the nucleic acids 
encoding Factor VIII heavy chain and light chain are provided in a single minigene 
separated by 42 nucleic acids coding for 14 amino acids of the B domain [US Patent No. 

20 6,200,560]. 

As used herein, a therapeutically effective amount is an amount of AAV 
vector that produces sufficient amounts of Factor VIII to decrease the time it takes for a 
subject's blood to clot. Generally, severe hemophiliacs having less than 1% of normal 
levels of Factor VIII have a whole blood clotting time of greater than 60 minutes as 

25 compared to approximately 1 0 minutes for non-hemophiliacs. 

The present invention is not limited to any specific Factor VIII sequence. 
Many natural and recombinant forms of Factor VIII have been isolated and generated. 
Examples of naturally occurring and recombinant forms of Factor VII can be found in the 
patent and scientific literature including, US Patent No. 5,563,045, US Patent No. 

30 5,45 1 ,52 1 , US Patent No. 5,422,260, US Patent No. 5,004,803, US Patent No. 4,757,006, 
US Patent No. 5,661,008, US Patent No. 5,789,203, US Patent No. 5,681,746, US Patent 
No. 5,595,886, US Patent No. 5,045,455, US Patent No. 5,668,108, US Patent No. 
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5,633, 1 50, US Patent No. 5,693,499, US Patent No. 5,587,3 10, US Patent No. 5,171 ,844, 
US Patent No. 5,149,637, US Patent No. 5,1 12,950, US Patent No. 4,886,876; 
International Patent Publication Nos. WO 94/1 1503, WO 87/07144, WO 92/16557, WO 
91/09122, WO 97/03195, WO 96/21035, and WO 91/07490; European Patent 
5 Application Nos. EP 0 672 138, EP 0 270 618, EP 0 182 448, EP 0 162 067, EP 0 786 
474, EP 0 533 862, EP 0 506 757, EP 0 874 057,EP 0 795 021 , EP 0 670 332, EP 0 500 
734, EP 0 232 112, and EP 0 160 457; Sanberg et a!., XXth Int. Congress of the World 
Fed. Of Hemophilia (1992), and Lind et aL, Eur J, Biochem^ 232:19 (1995). 

Nucleic acids sequences coding for the above-described Factor VIII can 

1 0 be obtained using recombinant methods or by deriving the sequence from a vector known 
to include the same. Furthermore, the desired sequence can be isolated directly from cells 
and tissues containing the same, using standard techniques, such as phenol extraction and 
PCR of cDNA or genomic DNA [See, e.g., Sambrook et al]. Nucleotide sequences can 
also be produced synthetically, rather than cloned. The complete sequence can be 

15 assembled from overlapping oligonucleotides prepared by standard methods and 

assembled into a complete coding sequence [See, e.g., Edge, Nature 292:757 (1981); 
Nambari et al, Science, 223:1299 (1984); and Jay et al y J. BioL Chem. 259:63 1 1 (1984). 

Furthermore, the invention is not limited to human Factor VIII. Indeed, it 
is intended that the present invention encompass Factor VIII from animals other than 

20 humans, including but not limited to companion animals (e.g., canine, felines, and 
equines), livestock (e.g., bovines, caprines and ovines), laboratory animals, marine 
mammals, large cats, etc. 

The AAV vectors may contain a nucleic acid coding for fragments of 
Factor VIII which is itself not biologically active, yet when administered into the subject 

25 improves or restores the blood clotting time. For example, as discussed above, the Factor 
VIII protein comprises two polypeptide chains: a heavy chain and a light chain separated 
by a B-domain which is cleaved during processing. As demonstrated by the present 
invention, co-tranducing recipient cells with the Factor VIII heavy and light chains leads 
to the expression of biologically active Factor VIII. Because most hemophiliacs contain a 

30 mutation or deletion in only one of the chains (e.g., heavy or light chain), it may be 

possible to administer only the chain defective in the patient to supply the other chain. 
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Other useful gene products include non-naturally occurring polypeptides, 
such as chimeric or hybrid polypeptides having a non-naturally occurring amino acid 
sequence containing insertions, deletions or amino acid substitutions. For example, 
single-chain engineered immunoglobulins could be useful in certain 
5 immunocompromised patients. Other types of non-naturally occurring gene sequences 
include antisense molecules and catalytic nucleic acids, such as ribozymes, which could 
be used to reduce overexpression of a target. 

Reduction and/or modulation of expression of a gene is particularly 
desirable for treatment of hyperproliferative conditions characterized by 

10 hyperproliferating cells, as are cancers and psoriasis. Target polypeptides include those 
polypeptides which are produced exclusively or at higher levels in hyperproliferative cells 
as compared to normal cells. Target antigens include polypeptides encoded by oncogenes 
such as myb, myc, fyn, and the translocation gene bcr/abl, ras, src, P53, neu, trk and 
EGRF. In addition to oncogene products as target antigens, target polypeptides for 

15 anti-cancer treatments and protective regimens include variable regions of antibodies 
made by B cell lymphomas and variable regions of T cell receptors of T cell lymphomas 
which, in some embodiments, are also used as target antigens for autoimmune disease. 
Other tumor-associated polypeptides can be used as target polypeptides such as 
polypeptides which are found at higher levels in tumor cells including the polypeptide 

20 recognized by monoclonal antibody 17-1 A and folate binding polypeptides. 

Other suitable therapeutic polypeptides and proteins include those which 
may be useful for treating individuals suffering from autoimmune diseases and disorders 
by conferring a broad based protective immune response against targets that are 
associated with autoimmunity including cell receptors and cells which produce "self - 

25 directed antibodies. T cell mediated autoimmune diseases include Rheumatoid arthritis 
(RA), multiple sclerosis (MS), Sjogren's syndrome, sarcoidosis, insulin dependent 
diabetes mellitus (IDDM), autoimmune thyroiditis, reactive arthritis, ankylosing 
spondylitis, scleroderma, polymyositis, dermatomyositis, psoriasis, vasculitis, Wegener's 
granulomatosis, Crohn's disease and ulcerative colitis. Each of these diseases is 

30 characterized by T cell receptors (TCRs) that bind to endogenous antigens and initiate the 
inflammatory cascade associated with autoimmune diseases. 
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C. Immunogenic Transgenes 

Suitably, the AAV vectors of the invention avoid the generation of 
immune responses to the AAV sequences contained within the vector. However, these 
vectors may nonetheless be formulated in a manner that permits the expression of a 
5 transgene carried by the vectors to induce an immune response to a selected antigen. For 
example, in order to promote an immune response, the transgene may be expressed from 
a constitutive promoter, the vector can be adjuvanted as described herein, and/or the 
vector can be put into degenerating tissue. 

Examples of suitable immunogenic transgenes include those selected from 

10 a variety of viral families. Examples of desirable viral families against which an immune 
response would be desirable include, the picornavirus family, which includes the genera 
rhinoviruses, which are responsible for about 50% of cases of the common cold; the 
genera enteroviruses, which include polioviruses, coxsackieviruses, echoviruses, and 
human enteroviruses such as hepatitis A virus; and the genera apthoviruses, which are 

15 responsible for foot and mouth diseases, primarily in non-human animals. Within the 
picornavirus family of viruses, target antigens include the VP1, VP2, VP3, VP4, and 
VPG. Other viral families include the astroviruses and the calcivirus family. The 
calci virus family encompasses the Norwalk group of viruses, which are an important 
causative agent of epidemic gastroenteritis. Still another viral family desirable for use in 

20 targeting antigens for inducing immune responses in humans and non-human animals is 
the togavirus family, which includes the genera alphavirus, which include Sindbis viruses, 
RossRiver virus, and Venezuelan, Eastern & Western Equine encephalitis, and rubivirus, 
including Rubella virus. The flaviviridae family includes dengue, yellow fever, Japanese 
encephalitis, St. Louis encephalitis and tick borne encephalitis viruses. Other target 

25 antigens may be generated from the Hepatitis C or the coronavirus family, which includes 
a number of non-human viruses such as infectious bronchitis virus (poultry), porcine 
transmissible gastroenteric virus (pig), porcine hemagglutinatin encephalomyelitis virus 
(pig), feline infectious peritonitis virus (cats), feline enteric coronavirus (cat), canine 
coronavirus (dog), and human respiratory coronaviruses, which may cause the common 

30 cold and/or non-A, B or C hepatitis, and which include the putative cause of sudden acute 
respiratory syndrome (SARS). Within the coronavirus family, target antigens include the 
El (also called M or matrix protein), E2 (also called S or Spike protein), E3 (also called 
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HE or hemagglutin-elterose) glycoprotein (not present in all coronavi ruses), or N 
(nucleocapsid). Still other antigens may be targeted against the arterivirus family and the 
rhabdovirus family. The rhabdovirus family includes the genera vesiculovirus (e.g., 
Vesicular Stomatitis Virus), and the general lyssavirus (e.g., rabies). Within the 
5 rhabdovirus family, suitable antigens may be derived from the G protein or the N protein. 
The family filoviridae, which includes hemorrhagic fever viruses such as Marburg and 
Ebola virus may be a suitable source of antigens. The paramyxovirus family includes 
parainfluenza Virus Type 1 , parainfluenza Virus Type 3, bovine parainfluenza Virus Type 
3, rubulavirus (mumps virus, parainfluenza Virus Type 2, parainfluenza virus Type 4, 

10 Newcastle disease virus (chickens), rinderpest, morbillivirus, which includes measles and 
canine distemper, and pneumovirus, which includes respiratory syncytial virus. The 
influenza virus is classified within the family orthomyxovirus and is a suitable source of 
antigen (e.g., the HA protein, the Nl protein). The bunyavirus family includes the genera 
bunyavirus (California encephalitis, La Crosse), phlebovirus (Rift Valley Fever), 

15 hantavirus (puremala is a hemahagin fever virus), nairovirus (Nairobi sheep disease) and 
various unassigned bungaviruses. The arenavirus family provides a source of antigens 
against LCM and Lassa fever virus. Another source of antigens is the bornavirus family. 
The reovirus family includes the genera reovirus, rotavirus (which causes acute 
gastroenteritis in children), orbiviruses, and cultivirus (Colorado Tick fever, Lebombo 

20 (humans), equine encephalosis, blue tongue). The retrovirus family includes the 

sub-family oncorivirinal which encompasses such human and veterinary diseases as feline 
leukemia virus, HTLVI and HTLVII, lentivirinal (which includes HIV, simian 
immunodeficiency virus, feline immunodeficiency virus, equine infectious anemia virus, 
and spumavirinal). The papovavirus family includes the sub-family polyomaviruses 

25 (BKU and JCU viruses) and the sub-family papillomavirus (associated with cancers or 
malignant progression of papilloma). The adenovirus family includes viruses (EX, AD7, 
ARD, O.B.) which cause respiratory disease and/or enteritis. The parvovirus family 
feline parvovirus (feline enteritis), feline panleucopeniavirus, canine parvovirus, and 
porcine parvovirus. The herpesvirus family includes the sub-family alphaherpesvirinae, 

30 which encompasses the genera simplexvirus (HSVI, HSV1I), varicellovirus 

(pseudorabies, varicella zoster) and the sub-family betaherpesvirinae, which includes the 
genera cytomegalovirus (HCMV, muromegalovirus) and the sub-family 



gammaherpesvirinae, which includes the genera lymphocryptovirus, EBV (Burkitts 
lymphoma), human herpesviruses 6A, 6B and 7, Kaposi's sarcoma-associated herpesvirus 
and cercopithecine herpesvirus (B virus), infectious rhinotracheitis, Marek's disease 
virus, and rhadinovirus. The poxvirus family includes the sub-family chordopoxvirinae, 
5 which encompasses the genera orthopoxvirus (Variola major (Smallpox) and Vaccinia 
(Cowpox)), parapoxvirus, avipoxvirus, capripoxvirus, leporipoxvirus, suipoxvirus, and 
the sub-family entomopoxvirinae. The hepadnavirus family includes the Hepatitis B 
virus. One unclassified virus which may be suitable source of antigens is the Hepatitis 
delta virus, Hepatitis E virus, and prions. Another virus which is a source of antigens is 

10 Nipan Virus. Still other viral sources may include avian infectious bursal disease virus 
and porcine respiratory and reproductive syndrome virus. The alphavirus family includes 
equine arteritis virus and various Encephalitis viruses. 

The present invention may also encompass immunogens which are useful 
to immunize a human or non-human animal against other pathogens including bacteria, 

1 5 fungi, parasitic microorganisms or multicellular parasites which infect human and non- 
human vertebrates, or from a cancer cell or tumor cell. Examples of bacterial pathogens 
include pathogenic gram-positive cocci include pneumococci; staphylococci (and the 
toxins produced thereby, e.g., enterotoxin B); and streptococci. Pathogenic 
gram-negative cocci include meningococcus; gonococcus. Pathogenic enteric 

20 gram-negative bacilli include enterobacteriaceae; pseudomonas, acinetobacteria and 

eikenella; melioidosis; salmonella; shigella; haemophilus; moraxella; H. ducreyi (which 
causes chancroid); brucella species (brucellosis); Francisella tularensis (which causes 
tularemia); Yersinia pestis (plague) and other yersinia (pasteurella); streptobacillus 
moniliformis and spirillum; Gram-positive bacilli include listeria monocytogenes; 

25 erysipelothrix rhusiopathiae; Corynebacterium diphtheria (diphtheria); cholera; B. 
anthracis (anthrax); donovanosis (granuloma inguinale); and bartonellosis. Diseases 
caused by pathogenic anaerobic bacteria include tetanus; botulism (Clostridum botulinum 
and its toxin); Clostridium perfringens and its epsilon toxin; other Clostridia; 
tuberculosis; leprosy; and other mycobacteria. Pathogenic spirochetal diseases include 

30 syphilis; treponematoses: yaws, pinta and endemic syphilis; and leptospirosis. Other 
infections caused by higher pathogen bacteria and pathogenic fungi include glanders 
(Burkholderia mallei)] actinomycosis; nocardiosis; cryptococcosis, blastomycosis, 
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histoplasmosis and coccidioidomycosis; candidiasis, aspergillosis, and mucormycosis; 
sporotrichosis; paracoccidiodomycosis, petriellidiosis, torulopsosis, mycetoma and 
chromomycosis; and dermatophytes is. Rickettsia! infections include Typhus fever, 
Rocky Mountain spotted fever, Q fever (Coxiella burnetti), and Rickettsialpox. Examples 
5 of mycoplasma and chlamydial infections include: mycoplasma pneumoniae; 
lymphogranuloma venereum; psittacosis; and perinatal chlamydial infections. 
Pathogenic eukaryotes encompass pathogenic protozoans and helminths and infections 
produced thereby include: amebiasis; malaria; leishmaniasis; trypanosomiasis; 
toxoplasmosis; Pneumocystis carinii\ Trichans\ Toxoplasma gondii; babesiosis; 

10 giardiasis; trichinosis; filariasis; schistosomiasis; nematodes; trematodes or flukes; and 
cestode (tapeworm) infections. 

Many of these organisms and/or the toxins produced thereby have been 
identified by the Centers for Disease Control [(CDC), Department of Heath and Human 
Services, USA], as agents which have potential for use in biological attacks. For example, 

15 some of these biological agents, include, Bacillus anthracis (anthrax), Clostridium 

botulinum and its toxin (botulism), Yersinia pestis (plague), variola major (smallpox), 
Francisella tularensis (tularemia), and viral hemorrhagic fevers [filoviruses (e.g. y Ebola, 
Marburg], and arenaviruses [e.g., Lassa, Machupo]), all of which are currently classified 
as Category A agents; Coxiella burnetii (Q fever); Brucella species (brucellosis), 

20 Burkholderia mallei (glanders), Burkholderia pseudomallei (meloidosis), Ricinus 

communis and its toxin (ricin toxin), Clostridium perfringens and its toxin (epsilon toxin), 
Staphylococcus species and their toxins (enterotoxin B), Chlamydia psittaci (psittacosis), 
water safety threats (e.g., Vibrio cholerae, Crytosporidium parvum), Typhus fever 
(Richettsia powazekii), and viral encephalitis (alphaviruses, e.g., Venezuelan equine 

25 encephalitis; eastern equine encephalitis; western equine encephalitis); all of which are 
currently classified as Category B agents; and Nipan virus and hantaviruses, which are 
currently classified as Category C agents. In addition, other organisms, which are so 
classified or differently classified, may be identified and/or used for such a purpose in the 
future. It will be readily understood that the viral vectors and other constructs described 

30 herein are useful to deliver antigens from these organisms, viruses, their toxins or other 
by-products, which will prevent and/or treat infection or other adverse reactions with 
these biological agents. 
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Administration of the vectors of the invention to deliver immunogens 
against the variable region of the T cells elicit an immune response including CTLs to 
eliminate those T cells. In rheumatoid arthritis (RA), several specific variable regions of 
TCRs which are involved in the disease have been characterized. These TCRs include 
5 V-3, V-14, V-17 and V-17. Thus, delivery of a nucleic acid sequence that encodes at 
least one of these polypeptides will elicit an immune response that will target T cells 
involved in RA. In multiple sclerosis (MS), several specific variable regions of TCRs 
which are involved in the disease have been characterized. These TCRs include V-7 and 
V-10. Thus, delivery of a nucleic acid sequence that encodes at least one of these 

10 polypeptides will elicit an immune response that will target T cells involved in MS. In 
scleroderma, several specific variable regions of TCRs which are involved in the disease 
have been characterized. These TCRs include V-6, V-8, V-14 and V-16, V-3C, V-7, 
V-14, V-15, V-16, V-28 and V-12. Thus, delivery of a nucleic acid molecule that 
encodes at least one of these polypeptides will elicit an immune response that will target 

1 5 T cells involved in scleroderma. 

Thus, a rAAV-derived recombinant viral vector of the invention provides 
an efficient gene transfer vehicle which can deliver a selected transgene to a selected host 
cell in vivo or ex vivo even where the organism has neutralizing antibodies to one or more 
AAV serotypes. In one embodiment, the rAAV and the cells are mixed ex vivo; the 

20 infected cells are cultured using conventional methodologies; and the transduced cells are 
re-infused into the patient. 

These compositions are particularly well suited to gene delivery for 
therapeutic purposes and for immunization, including inducing protective immunity. 
Further, the compositions of the invention may also be used for production of a desired 

25 gene product in vitro. For in vitro production, a desired product (e.g., a protein) may be 
obtained from a desired culture following transfection of host cells with a rAAV 
containing the molecule encoding the desired product and culturing the cell culture under 
conditions which permit expression. The expressed product may then be purified and 
isolated, as desired. Suitable techniques for transfection, cell culturing, purification, and 

30 isolation are known to those of skill in the art. 
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The following examples illustrate several aspects and embodiments of the 
invention. 

EXAMPLE 1 - Computational analysis of primate AAV sequences 

5 A. Collection of primate tissues 

Sources of nonhuman primate tissues were described previously [N. 
Muzyczka, K. I. Berns, in Fields Virology D. M. Knipe, P. M. Howley, Eds. (Lippincott 
Williams & Wilkins, Philadelphia, 2001), vol. 2, pp. 2327-2359]. Human tissues were 
collected under two independent IRB protocols approved by the Institutional Review 

1 0 Board of the University of Pennsylvania from either surgical procedures or postmortem 
examination or organ donors through two major national human tissue providers, 
Cooperative Human Tissue Network (CHTN) and National Disease Research Interchange 
(NDRI). Human tissues used for this study were comprised of 18 different tissue types 
that included colon, liver, lung, spleen, kidney, brain, small bowel, bone marrow, heart, 

1 5 lymph nodes, skeletal muscle, ovary, pancreas, stomach, esophagus, cervix, testis and 

prostate. The tissue samples came from a diverse group of individuals of different gender, 
races (Caucasian, African-American, Asian and Hispanic) and ages (23 - 83 years). 
Among 259 samples from 250 individuals analyzed, approximately 28% of tissues were 
associated with pathology. 

20 B . Detection and isolation of AA V sequences 

Total cellular DNAs were extracted from human and nonhuman primate 
tissues as described previously [R. W. Atchison, et al., Science 194, 754-756 (1965)]. 
Molecular prevalence and tissue distribution of AAVs in humans were determined by 
either signature or full-length cap PCR using the primers and conditions that were similar 

25 to those used for the nonhuman primate analysis. The same PCR cloning strategy used for 
the isolation and characterization of an expanded family of AAVs in nonhuman primates 
was deployed in the isolation of AAVs from selected human tissues. Briefly, a 3.1 kb 
fragment containing a part of rep and full length cap sequence was amplified from tissue 
DNAs by PCR and Topo-cloned (Invitrogen). The human AAV clones were initially 

30 analyzed by restriction mapping to help identify diversity of AAV sequences, which were 
subsequently subjected to full sequence analysis by SeqWright (SeqWright, Houston, TX) 
with an accuracy of 99.9%. A total of 67 capsid clones isolated from human tissues were 
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characterized (hu.l - hu.67). From nonhuman primate tissues, 86 cap clones were 
sequenced, among which 70 clones were from rhesus macaques, 6 clones from 
cynomologus macaques, 3 clones from pigtailed macaques, 2 clones from a baboon and 5 
clones from a chimpanzee. 
5 C. Analysis of AAV sequences 

From all sequence contigs, AAV capsid VP1 ORFs were analyzed. The 
AAV capsid VP1 protein sequences were aligned with the ClustalX1.81 program [H. D. 
Mayor, J. L. Melnick, Nature 210, 33 1-332 (1966)] and an in frame DNA alignment was 
produced with the BioEdit [U. Bantel-Schaal, H. Zur Hausen, Virology 134, 52-63 

10 (1984)] software package. Phylogenies were inferred with the MEGA v2.1 and the 

TreePuzzle package. Neighbor-Joining, Maximum Parsimony , and Maximum Likelihood 
[M. Nei, S. Kumar, Molecular Evolution and Phylogenetics (Oxford University Press, 
New York, 2000); H. A. Schmidt, K. Strimmer, M. Vingron, A. von Haeseler, 
Bioinformatics 18, 502-4 (Mar, 2002); R Saitou, M. Nei, Mol Biol Evol 4, 406-25 (Jul, 

15 1987)] algorithms were used to confirm similar clustering of sequences in monophylic 
groups. 

Clades were then defined from a Neighbor-Joining phylogenetic tree of all 
protein sequences. The amino-acid distances were estimated by making use of Poisson- 
correction. Bootstrap analysis was performed with a 1000 replicates. Sequences were 

20 considered monophylic when they had a connecting node within a 0.05 genetic distance. 
A group of sequences originating from 3 or more sources was considered a clade. The 
phylogeny of AAV was further evaluated for evidence of recombination through a 
sequential analysis. Homoplasy was screened for by implementation of the Split 
Decomposition algorithm [H. J. Bandelt, A. W. Dress, Mol Phylogenet Evol 1, 242-52 

25 (Sep. 1 992)]. Splits that were picked up in this manner were then further analyzed for 

recombination making use of the Bootscan algorithm in the Simplot software [M. Nei and 
S. Kumar, Molecular Evolution and Phylogenetics (Oxford University Press, New York, 
2000)]. A sliding window of 400nt (1 Ont/step) was used to obtain 1 00 bootstrap replicate 
neighbor-joining trees. Subsequently, Split Decomposition and Neighbor-Joining 

30 phylogenies were inferred from the putative recombination fragments. Significant 
improvement of bootstrap values, reduction of splits and regrouping of the hybrid 
sequences with their parental were considered the criterion for recombination. 
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A number of different cap sequences amplified from 8 different human 
subjects showed phylogenetic relationships to AAV2 (5') and AAV3 (3') around a 
common breakpoint at position 1 400 of the Cap DNA sequence, consistent with 
recombination and the formation of a hybrid virus. This is the general region of the cap 
gene where recombination was detected from isolates from a mesenteric lymph node of a 
rhesus macaque [Gao et ai, Proc Natl Acad Sci USA 100, 6081-6086 (May 13, 2002)]. 
An overall codon based Z- test for selection was performed implementing the Neib- 
Gojobori method [R. M. Kotin, Hum Gene Ther 5, 793-801 (Jul, 1994)]. 

The phylogenetic analyses were repeated excluding the clones that were 
positively identified as hybrids. In this analysis, goose and avian AAVs were included as 
outgroups ( I. Bossis, J. A. Chiorini, J Virol 77, 6799-81 0 (Jun, 2003)]. Figure 2 
summarizes a neighbor-joining tree; similar relationships were obtained using maximum 
parsimony and maximum likelihood analyses. 

This analysis demonstrated 1 1 phylogenetic groups, which are 
summarized in Table 1 . The species origin of the 6 AAV clades and 5 individual AAV 
clones (or sets of clones) is represented by the number or sources from which the 
sequences were retrieved in the sampling. The total number of sequences gathered per 
species and per grouping is shown in between brackets. References for previously 
described sequences per clade are in the right column. Rhesus - rhesus macaques; cyno - 
cynomologus macaques; chimp - chimpanzees; pigtail - pigtail macaques. 
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Table 1. Classification of the number of sources (sequences) per species and per 
clade or clone 

Human Rhesus Cyno Baboon Chimp Pigtail 

Clade 



AAV1(AAV6) 3(4) 

AAV2 12(22) 

AAV2-AAV3 8(17) 
hybrid 

AAV7 5(10) 5(5) 

AAV8 7(9) 7(16) 1(2) 1(3) 

AAV9 3(3) 

Clones 

AAV3 

AAV4 1(3) 
AAV5 

ch.5 1(1) 

rh.8 2(2) 



Since, as noted above, recombination is not implemented in the standard 
5 phylogenetic algorithms used, in order to build a proper phylogenetic tree those 

sequences were excluded from the analysis, of which their recombinative ancestry was 
established. In Figure 4, a neighbor-joining analysis of all non-recombined sequences is 
represented side by side with the clades that did evolve making use of recombination. A 
similar output was generated with the different algorithm used and with the nucleotide 
10 sequence as input. 

Additional experiments were performed to evaluate the relationship of 
phylogenetic relatedness to function as measured by serologic activity and tropism, as 
described in the following examples. 

15 EXAMPLE 2 - Serological analysis of novel human AAVs 

The last clade obtained as described in the preceding example was derived 
from isolates of 3 humans and did not contain a previously described serotype. 
Polyclonal antisera were generated against a representative member of this clade and a 
comprehensive study of serologic cross reactivity between the previously described 
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serotypes was performed. This showed that the new human clade is serologically distinct 
from the other known serotypes and therefore is called Clade F (represented by AAV9). 

Rabbit polyclonal antibodies against AAV serotypes 1-9 were generated 
by intramuscularly inoculating the animals with 1 x 10 13 genome copies each of AAV 
vectors together with an equal volume of incomplete Freud's adjuvant. The injections 
were repeated at day 34 to boost antibody titers. Serological cross reactivity between 
AAV serotypes 1-9 was determined by assessing the inhibitory effect of rabbit antisera on 
transduction of 293 cells by AAVCMVEGFP vectors pseudotyped with capsids derived 
from different AAV serotypes. Transduction of 84-31 cells by AAVCMVEGFP vectors 
was assessed under a U V microscope. In assessing serologic relationships between two 
AAVs, the ability of both heterologous and homologous sera to neutralize vectors from 
each AAV were tested. If neutralization by the serum was at least 16-fold lower against 
heterologous vectors than homologous vectors in a reciprocal manner, the two AAVs are 
considered distinct serotypes. Neutralization titers were defined as described previously 
[(G. P. Gao et al. 9 Proc Natl AcadSci USA 99, 1 1 854-9 (Sep 3, 2002)]. 



Table 2. Serologic evaluation of novel AAV vectors 





Vector pseudotypes used in the neutralization assay 


from rabbit 
immunized 
with: 


AAV2/1 


AAV2/2 


AAV2/3 


AAV2/4 


AAV2/5 


AAV2/6 


AAV2/7 


AAV2/8 


AAV2/ 
9 


AAV2/1 




No NAB 


No NAB 


No NAB 


1/40,960 


1/40,960 


1/40 


No NAB 


No 
NAB 


AAV2/2 


1/80 


gig «f -*<^ 

#81,920 


1/5,120 


1/20 


No NAB 


1/80 


1/40 


1/40 


No 
NAB 


AAV2/3 


1/1,280 


1/2,560 




1/20 


1/40 


1/2,560 


1/1,280 


1/1,280 


No 
NAB 


AAV2/4 


1/20 


No NAB 


No NAB 




1/40 


No NAB 


No NAB 


No NAB 


1/40 


AAV2/5 


1/ 

20,480 


No NAB 


1/80 


No NAB 


mm 

mmm 


1/5,120 


1/40 


No NAB 


No 
NAB 


AAV2/6 


1/ 

81,920 


No NAB 


1/640 


1/40 


1/40 




1/40 


No NAB 


1/40 


AAV2/7 


1/1,280 


1/640 


1/1,280 


1/20 


No NAB 


1/1,280 


tT/163,840 


1/5,120 


1/80 


AAV2/8 


1/20 


1/1,280 


1/1,280 


No NAB 


1/20 


No NAB 


1/640 


>17327,680 


1/2,560 


AAV2/9 


No NAB 


No NAB 


No NAB 


No NAB 


No NAB 


No NAB 


1/20 


1/640 


1/20,48 

: 0 
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These data confirm the phylogenetic groupings of the different clones and 
clades except for unanticipated serological reactivity of the structurally distinct AAV5 
and AAV1 serotypes {i.e., ratio of heterologous/homologous titer were 1/4 and 1/8 in 
reciprocal titrations). 

5 The result further indicated thatAAVhu.14 had a distinct serological 

property and did not have significant cross reactivity with antisera generated from any 
known AAV serotypes. The serological distinctiveness of AAVhu.14 was further 
supported by its uniqueness in the capsid structure which shared less than 85% amino 
acid sequence identity with all other AAV serotypes compared in this study. Those 
10 findings provided the basis for us to name AAVhu.14 as a new serotype, AAV9. 

EXAMPLE 3 - Evaluation of primate AAVs as gene transfer vectors 

The biological tropisms of AAVs were studied by generating vector pseudotyped 
in which recombinant AA V2 genomes expressing either GFP or the secreted reporter 
15 gene a-1 antitrypsin (Al AT) were packaged with capsids derived from various clones and 
one representative member from each primate AAV clade for comparison. For instance, 
the data obtained from AAV1 was used to represent Clade A, followed by AAV2 for 
Clade B, Rh.34 for AAV4, AAV7 for Clade D, AAV8 for Clade E, and AAVHu.14 for 
Clade F. - AAVS, AAVCh.5 and AAVRh.8 stand as single AAV serotypes or genotypes 
20 for the comparison. 

The vectors were evaluated for transduction efficiency in vitro, based on GFP 
transduction, and transduction efficiency in vivo in liver, muscle or lung (Fig. 4). 
A. In Vitro 

Vectors expressing enhanced green fluorescent protein (EGFP) were used 
25 to examine their in vitro transduction efficiency in 84-3 1 cells and to study their 
serological properties. For functional analysis, in vitro transduction of different 
AAVCMVEGFP vectors was measured in 84-31 cells that were seeded in a 96 well plate 
and infected with pseudotyped AAVCMVEGFP vectors at an MOI of 1 x 10 4 GC per 
cell. AAV vectors were pseudotyped with capsids of AAVs 1, 2, 5, 7, 8 and 6 other 
30 novel AAVs (Ch.5, Rh.34, Cy5, rh.20, Rh.8 and AAV9) using the technique described in 
G. Gao et al., Proc Natl Acad Sci USA 99, 1 1854-9 (Sep 3, 2002). Relative EGFP 
transduction efficiency was scored as 0, 1, 2 and 3 corresponding to 0-10%, 10-30%, 30- 
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70% and 70-100% of green cells estimated using a UV microscope at 48 hours post 
infection. 

B. In Vivo 

For in vivo studies, human a-antitrypsin (Al AT) was selected as a 
5 sensitive and quantitative reporter gene in the vectors and expressed under the control of 
CMV-enhanced chicken [J-actin promoter. Employment of the CB promoter enables high 
levels of tissue non-specific and constitutive Al AT gene transfer to be achieved and also 
permits use of the same vector preparation for gene transfer studies in any tissue of 
interest. Four to six week old NCR nude mice were treated with novel AAV vectors 

10 (AAVCBhAl AT) at a dose of 1 xl 0 n genome copies per animal through intraportal, 
intratracheal and intramuscular injections for liver, lung and muscle directed gene 
transfer, respectively. Serum samples were collected at different time points post gene 
transfer and Al AT concentrations were determined by an ELISA-based assay and scored 
as 0, 1, 2 and 3 relative to different serum Al AT levels at day 28 post gene transfer, 

15 depending on the route of vector administration (Liver: 0 = Al AT < 400 ng/ml, 1 = 

A1AT 400-1000 ng/ml, 2 = Al AT 1000-10,000 ng/ml, 3 = Al AT > 10,000 ng/ml; Lung: 
0 = A 1 AT < 200 ng/ml, 1 = A 1 AT 200- 1 000 ng/ml, 2 = A 1 AT 1 000- 1 0,000 ng/ml, 3 = 
A1AT> 10,000 ng/ml; Muscle: 0 = Al AT < 100 ng/ml, 1 = A1AT 100-1000 ng/ml, 2 = 
A1AT 1000-10,000 ng/ml,3-AlAT> 10,000 ng/ml). 

20 A human AAV, clone 28.4/hu. 14 (which is now named AAV9), has the ability to 

transduce liver at a efficiency similar to AAV8, lung 2 logs better than AAV5 and muscle 
superior to AAV1, whereas the performance of two other human clones, 24.5 and 16.12 
(hu.12 and hu.13) was marginal in all 3 target tissues. Clone N72 1.8 (AAVrh.43) is also a 
high performer in all three tissues. 

25 To further analyze gene transfer efficiency of AAV9 and rh 43 in comparison 

with that of bench markers for liver (AAV8), lung (AAV5) and muscle (AAV1), a dose 
response experiment was carried out. Both new vectors demonstrated at least 10 fold 
more gene transfer than AAV1 in muscle, similar performance to AAV8 in liver and 2 
logs more efficient than AAV5 in lung. 

30 In our search for efficient AAV derived gene transfer vectors, a group of AAVs 

demonstrated efficient gene transfer in all 3 tissues that was similar or superior to the 
performance of their bench marker in each tissue has emerged. To date, 3 novel AAVs 
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have fallen into this category, two from rhesus (rhlO and 43) and one from human (hu.14 
or AAV9). A direct comparison of relative gene transfer efficiency of those 3 AAVs to 
their bench markers in the murine liver, lung and muscle suggests that some primate 
AAVs with the best fitness might have evolved from rigorous biological selection and 
5 evolution as "super" viruses. These are particularly well suited for gene transfer 
applications. 

C. Profiles of Biological Activity 

Unique profiles of biological activity, in terms of efficiency of gene 
transfer, were demonstrated for the different AAVs with substantial concordance within 

10 members of a set of clones or clade. However, in vitro transduction did not predict the 
efficiency of gene transfer in vivo. An algorithm for comparing the biological activity 
between two different AAV pseudotypes was developed based on relative scoring of the 
level of transgene expression and a cumulative analysis of differences. 

Cumulative differences of the gene transfer scores in vitro and in vivo 

1 5 between pairs of AAVs were calculated and presented in the table (ND = not determined) 
according to the following formula. Cumulative functional difference in terms of scores 
between vectors A and B = in vitro (A - B) + lung (A - B) + liver (A - B) + muscle (A - 
B). The smaller the number, the more similar in function the AAVs. In the grey shaded 
area, the percentage difference in sequence is represented in bold italic. The percentage 

20 difference in cap structure was determined by dividing the number of amino-acid 
differences after a pairwise deletion of gaps by 750, the length of the VP1 protein 
sequence alignment. 
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These studies point out a number of issues relevant to the study of parvoviruses in 

humans. The prevalence of endogenous AAV sequences in a wide array of human tissues 

suggests that natural infections with this group of viruses are quite common. The wide 
5 tissue distribution of viral sequences and the frequent detection in liver, spleen and gut 

indicate that transmission occurs via the gastrointestinal track and that viremia may be a 

feature of the infection. 

The tremendous diversity of sequence present in both human and nonhuman 

primates has functional correlates in terms of tropism and serology, suggesting it is driven 
10 by real biological pressures such as immune escape. Clearly, recombination contributes 

to this diversity as evidenced by the second most common human clade, which is a hybrid 

of two previously described serotypes. 

Inspection of the topology of the phylogenetic analysis reveals insight into the 

relationship between the evolution of the virus and its host restriction. The entire genus 
15 of dependoviruses appears to be derived from avian AAV consistent with Lukashov and 

Goudsmit [(V. V. Lukashov, J: Goudsmit, J Virol 75, 2729-40 (Mar, 2001)]. The AAV4 

and AAV5 isolates diverged early from the subsequent development of the other AAVs. 

The next important node divides the species into two major monophilic groups (Fig. 2). 

The first group contains clones isolated solely from humans and includes Clade B, 
20 AAV3 clone, Clade C and Clade A; the only exception to the species restriction of this 

group is the single clone from chimpanzees, called ch.5. The other monophilic group, 
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representing the remaining members of the genus, is derived from both human and 
nonhuman primates. This group includes Clade D and the rh.8 clone, which were isolated 
exclusively from macaques, and the Clade F, which is human specific. The remaining 
clade within this group (i.e., Clade E) has members from both humans and a number of 

5 nonhuman primate species suggesting transmission of this clade across species barriers. 
It is interesting that the capsid structures of Clade E members isolated from some humans 
are essentially identical to some from nonhuman primates, indicating that very little host 
adaptation has occurred. Analysis of the biology of AAV8 derived vectors demonstrated 
a broad range of tissue tropism with high levels of gene transfer, which is consistent with 

10 a more promiscuous range of infectivity, and may explain its apparent zoonosis. An even 
greater range and efficiency of gene transfer was noted for the Clade F, highlighting the 
potential for cross species transmission, which to date has not been detected. 

The presence of latent AAVs widely disseminated throughout human and 
nonhuman primates and their apparent predisposition to recombine and to cross species 

15 barriers raises important issues. This combination of events has the potential to lead to 
the emergence of new infectious agents with modified virulence. Assessing this potential 
is confounded by the fact that the clinical sequalae of AAV infections in primates has yet 
to be defined. In addition, the high prevalence of AAV sequences in liver may contribute 
to dissemination of the virus in the human population in the setting of allogeneic and 

20 xenogenic liver transplantation. Finally, the finding of endogenous AAVs in humans has 
implications in the use of AAV for human gene therapy. The fact that wild type AAV is 
so prevalent in primates without ever being associated with a malignancy suggests it is 
not particularly oncogenic. In fact, expression of AAV rep genes has been shown to 
suppress transformation P. L. Hermonat, Virology 172, 253-61 (Sep, 1989)]. A potential 

25 complication of AAV gene therapy, however, could be recombination between the vector 
and endogenous genomes. 

EXAMPLE 4 - AAV 2/9 Vector for the Treatment of Cystic Fibrosis Airway 
Disease 

30 To date, CFTR gene transfer to the lung for the treatment of CF airway disease 

has been limited by poor vector performance combined with the significant barriers 
that the airway epithelium poses to effective gene transfer. The AAV2 genome 
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packaged in the AAV9 capsid (AAV2/9) was compared to AAV2/5 in various airway 
model systems. 

A 50 jil single dose of 1 x 10 M genome copies (gc) of AAV2/9 expressing 
either the nuclear targeted P-galactosidase (nLacZ) gene or the green fluorescence 
protein (GFP) gene under the transcriptional control of the chicken p-actin promoter 
was instilled intranasally into nude and also C57B1/6 mice. Twenty-one days later, the 
lung and nose were processed for gene expression. In control animals transduced 
with AAV2/9-GFP no LacZ positive cells were seen. AAV2/9-nLacZ successfully 
transduced mainly airways, whereas AAV2/5-nLacZ transduced mainly alveoli and 
few airways. Across the nasal airway epithelium both AAV2/5 and AAV2/9 
transduced ciliated and non-ciliated epithelial cells. 

Epithelial cell specific promoters are currently being evaluated to improve 
targeting to the airway cells in vivo. Based on the in vivo findings the gene transfer 
efficiency of AAV2/9 to human airway epithelial cells was tested next. Airway 
epithelial cells were isolated from human trachea and bronchi and grown at air-liquid- 
interface (ALI) on collagen coated membrane supports. Once the cells polarized and 
differentiated they were transduced with AAV2/9 or AAV2/5 expressing GFP from 
the apical as well as the basolateral side. Both AAV2/5 and AAV2/9 were successful 
at transducing epithelial cells from the basolateral surface. However, when applied 
onto the apical surface AAV2/9 resulted in a 10-fold increase in the number of 
transduced cells compared to AAV2/5. Currently, the gene transfer performance of 
AAV2/9 in the lungs and nasal airways of nonhuman primates is being evaluated. 

This experiment demonstrates that AAV2/9 can efficiently transduce the 
airways of murine lung and well-differentiated human airway epithelial cells grown at 
ALI. These encouraging results have prompted the evaluation of AAV2/9 in 
nonhuman primates as well as the evaluation of AAV2/9-CFTR gene transfer to the 
nasal airway epithelium of cystic fibrosis knockout mice to evaluate physiological 
correction of the CF defect. 
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EXAMPLE 5 - Comparison of direct injection of AAV1(2/1) and AAV9(2/9) in 
adult rat hearts 

Two adult (3 month old) rats received a single injection of 5x10 particles of 
AAV2/1 or AAV2/9 in the left ventricle 
5 The results were spectacular, with significantly more expression observed in 

the adult rat heart with AAV2/9 vectors as compared to AAV2/1, as assessed by lacZ 
histochemistry. AAV2/9 also shows superior gene transfer in neonatal mouse heart. 

EXAMPLE 6 - AAV2/9 Vector for Hemophilia B Gene Therapy 

10 In this study, AAV 2/9 vectors are shown to be more efficient and less 

immunogenic vectors for both liver and muscle-directed gene therapy for hemophilia 
B than the traditional serotypes. 

For a liver-directed approach, evaluation of the AAV2/9 pseudotyped vector 
was performed in mouse and dog hemophilic models. In immunocompetent 

1 5 hemophilia B mice (in C57BL/6 background), long-term superphysiological levels of 
canine FIX (41-70 \igjml) and shortened aPTT time have been achieved following 
intraportal injection of IxlO 11 GC/mouse of AAV2/7, 2/8, and 2/9-LSP-cFIX-WPRE 
vectors. A 10-fold lower dose (IxlO 10 GC/mouse) of AAV2/8 vector generated 
normal level of cFIX and aPTT time. In UNC hemophilia B dogs, it was previously 

20 demonstrated that administration of an AAV2/8 vector into a dog previously treated 
with an AAV2 vector was successful; cFIX expression peaked at 10 ng/ml day 6 after 
the 2 nd intraportal injection (dose=5xl0 12 GC/kg), then gradually decreased and 
stabilized around 700ng/ml (16% of the normal level) throughout the study (11/2 
years). This level was about 3-fold higher than that from a hemophilia B dog that 

25 received a single injection of AAV2-cFIX at the similar dose. Recently, two naive 
hemophilia B dogs were injected with AAV2/8 vectors intraportally at the dose of 
5.25x1 0 12 GC/kg. cFEX levels in one dog (male) reached 30% of normal level (1.5 
Hg/ml) ten weeks after injection and has sustained at 1.3-1.5 ng/ml, while the second 
dog (female) maintained cFIX expression at about 10% of normal level. WBCT and 

30 aPTT were both shortened after the injection, suggesting the antigen was biologically 
active. Liver enzymes (SGOT, SGPT) in both dogs remained in the normal range 
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after surgery. These serotypes were also evaluated for muscle-targeted gene therapy 
of hemophilia B. AAV-CMV-cFIX-WPRE packaged with six different AAV 
serotypes were compared in immunocompetent hemophilia B mice (in C57BL/6 
background) after intramuscular injection at the dose of IxlO 11 GC/mouse. cFIX gene 
5 expression and antibody formation were monitored. Highest expression was detected 
in the plasma of the mice injected with AAV2/8 vectors (1460+392 ng/ml at day 42), 
followed by AAV2/9 (773±171 ng/ml at day 42) and AAV2/7 (500+31 1 ng/ml at day 
42). Levels were maintained for 5 months. Surprisingly, cFIX expression by AAV2/1 
ranged from 0-253 ng/ml (average: 66±82 ng/ml). Anti-cFIX inhibitor (IgG) was 

1 0 detected in some of the AAV2/1 -injected mice. cFIX expression levels in these mice 
correlated well with inhibitor levels. Further screening of inhibitor formation was 
performed on day 28 samples for all serotypes. Hemophilia B mice showed highest 
inhibitor formation against AAV2/2, followed by AAV2/5, and AAV2/1 . Only 
sporadic and low level inhibitors were detected in animals injected with AAV2/7, 

15 AAV2/8 and AAV2/9. Thus, the advantages of the new AAV serotype 2/9 vectors for 
muscle-directed gene therapy for hemophilia B as more efficient and safe vectors 
without eliciting any significant anti-FIX antibody formation are shown. 

EXAMPLE 7 - Novel Rh.43 Vectors of Invention 

20 A. Comparison of AA Vrk 43 based A1AT expression vector with AA V8 

andAAV9 in mouse liver directed gene transfer 

Novel AAVrh.43, which belongs to Clade E by phylogenetic analysis 
vector was compared to AAV8 and novel AAV9 for hAl AT levels after intraportal 
infusion to the mouse liver. More particularly, pseudotyped AAVrh.43, AAV2/8 and 

25 AAV2/9 vectors were compared in mouse liver-directed gene transfer. Pseudotyped 

vectors at doses of 1 xlO 11 , 3xl0 10 and IxlO 10 GC per animal were administrated to 4 - 6 
week old C57BL/6 mouse intramuscularly (A) or intramuscularly (B). Serum samples 
were collected from animals at day 28 post vector infusion for hAl AT assay. 

The data indicated that the novel AAVrh.43 vector had indeed a 

30 performance similar to that of AAV9 in the mouse model. 
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B. Nuclear target LacZ gene transfer to mouse liver and muscle mediated 
by pseudotyped AA V vectors. 

Novel AAV9 and AAVrh.43 based vectors of the invention were 
compared to AAV1 and AAV2-based vector. The vectors were injected at a dose of 
lxlO 11 GC per mouse either intraportally to target liver or intramuscularly to the right 
anterior tibialis muscle of C57BL/6 mice intramuscularly. The animals were sacrificed at 
day 28 post gene transfer and tissues of interest harvested for X-gal histochemical 
staining. 

The AAVrh.43 vector demonstrated gene transfer efficiency that was 
close to AAV9 but at least 5 fold higher than AAV1. The property of AAVrh.43 was 
further analyzed in both liver and muscle using nuclear targeted LacZ gene as a reporter 
to visualize extend of gene transfer histochemically. 

C. Comparison of A A Vrh 43 based A1AT expression vector with AA V5 in 
mouse lung directed gene transfer 

A novel rh.43-based vector of the invention also demonstrated superb 
gene transfer potency in lung tissue. Different doses (lxlO 10 , 3xl0 10 and lxlO 11 GC per 
animal) of pseudotyped vectors were administrated to 4 - 6 week old C57BL/6 mouse 
lungs intratracheally. Serum samples were collected from animals at different time points 
for hAlAT assay. 

This vector was compared to AAV5 at different doses for levels of 
hAl AT detected systematically after intratracheal instillation to the mouse lung. The data 
indicated that this novel vector was at lease 100 fold more efficient than AAV5 in the 
mouse model. 

EXAMPLE 8 - Novel human AAV based vectors in mouse models for liver 
and lung - directed gene transfer 

The human clones, AAVhu.37, AAVhu.41 and AAVhu.47 were pseudotyped and 
examined for gene transfer potency in mouse tissues. AAVCBA1 AT vectors 
pseudotyped with capsids of hu.37, hu.41 and hu.47 were prepared using the methods 
described herein and administrated to 4 - 6 week old C57BL/6 mouse through intraportal 
and intratracheal injections. Serum samples were collected from animals at day 14 post 
vector injection for hAl AT assay, which was performed in accordance with published 
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techniques. AAVhu.47 belongs to AAV2 family (clade B) AAV2 and was isolated from 
a human bone marrow sample. AAVhu.37 and AAVhu.41 came from a human testis 
tissue and a human bone marrow sample respectively. Phylogenetically, they fall into the 
AAV 8 clade (clade E). 

Serum A] AT analysis of injected animals indicated that AAV41 and AAV47 
performed poorly in all three tissues tested. However, gene transfer potency of AAVhu.37 
derived vector was similar to that of AAV8 in liver and AAV9 in lung 

All publications cited in this specification are incorporated herein by 
reference. While the invention has been described with reference to particularly preferred 
embodiments, it will be appreciated that modifications can be made without departing 
from the spirit of the invention. 
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CLAIMS: 



1 . An adeno-associated virus (AAV) clade comprising at least three AAV 
members useful for generating vectors, 

wherein each member of said AAV clade is phylogenetically related as 
determined using a Neighbor- Joining heuristic by a bootstrap value of at least 75 and a 
Poissbn correction distance measurement of at least 0.05. 

2. The AAV clade according to claim I, wherein the clade is selected from 
the group consisting of Clade E comprising as a member AAV8, Clade D comprising as a 
member AAV7, Clade F comprising as a member AAV9, Clade B comprising as a 
member AAV2, and Clade C comprising as a member H2. 

3. The clade according to claim I, wherein one or more of said AAV 
members is a non-naturally occurring AAV. 

4. The clade according to claim 1 , wherein two or more of said AAV 
members are naturally occurring AAV. 

5. An adeno-associated virus (AAV) clade E comprising 

AAV8 and at least two additional AAV members useful for generating 
vectors, wherein each member of said AAV clade is phylogenetically related as 
determined using a Neighbor-Joining heuristic by a bootstrap value of at least 75 and a 
Poisson correction distance measurement of at least 0.05. 

6. The AAV Clade E according to claim 5, wherein one or more of said 
AAV members has a capsid with an amino acid identity of at least 85% with the capsid of 
AAV8, SEQIDNO: 183. 

7. The AAV Clade E according to claim 5, wherein said clade comprises at 
least AAV8 SEQ ID N0.183, 43.l/rh.2; rh. 4; rh.8; 44.2/rh.l0; rh. 25; 29.3/bb.l; 
29.5/bb.2; 30.10/pi.l (SEQ ID NOs:28 and 93), 30.12/pi.2 (SEQ ID NOs:30 and 95), 
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30.19/pi.3 (SEQ ID NOs:29 and 94), LG-4/rh.38 (SEQ ID Nos: 7 and 86); LG-10/rh.40 
(SEQ ID Nos: 14 and 92); N721-8/rh.43 (SEQ ID Nos: 43 and 163);l-8/rh.49 (SEQ ID 
NOs: 25 and 103); 2-4/rh.50 (SEQ ID Nos: 23 and 108); 2-5/rh.51 (SEQ ID Nos: 22 and 
104); 3-9/rh.52 (SEQ ID Nos: 18 and 96); 3-1 l/rh.53 (SEQ ID NOs: 17 and 97); 5-3/rh.57 
(SEQ ID Nos: 26 and 105); 5-22/rh.58 (SEQ ID Nos: 27 and 58); 2-3/rh.61 (SEQ ID 
NOs: 21 and 107); 4-8/rh.64 (SEQ ID Nos: 15 and 99); 3.1/hu.6 (SEQ ID NO: 5 and 
84); 33.12/hu.l7 (SEQ IDNO:4 and 83); 106.1/hu.37 (SEQ ID Nos: 10 and 88); LG- 
9/hu.39 (SEQ ID Nos: 24 and 102); 1 14.3/hu. 40 (SEQ ID Nos: 1 1 and 87); 127.2/hu.41 
(SEQ ID NO:6 and 91); 127.5/hu.42 (SEQ ID Nos: 8 and 85); hu. 66 (SEQ ID NOs: 173 
and 197); and hu.67 (SEQ ID NOs: 174 and 198). 

8. An AAV of clade E according to claim 5, provided that none of the AAV 
of said clade comprises a capsid of AAV8, 43.1/rh.2; rh. 4; rh.8; 44.2/rh.lO; rh. 25; 
29.3/bb.l;or29.5/bb.2 

9. The AAV of claim 8 selected from the group consisting of 30. 1 0/pi. 1 
(SEQ ID NOs:28 and 93), 30.12/pi.2 (SEQ ID NOs:30 and 95), 30.19/pi.3 (SEQ ID 
NOs:29 and 94), LG-4/rh.38 (SEQ ID Nos: 7 and 86); LG-10/rh.40 (SEQ ID Nos: 14 and 
92); N721-8/rh.43 (SEQ ID Nos: 43 and 163);l-8/rh.49 (SEQ ID NOs: 25 and 103); 2- 
4/rh.50 (SEQ ID Nos: 23 and 108); 2-5/rh.51 (SEQ ID Nos: 22 and 104); 3-9/rh.52 (SEQ 
ID Nos: 18 and 96); 3-1 l/rh.53 (SEQ ID NOs: 17 and 97); 5-3/rh.57 (SEQ ID Nos: 26 
and 105); 5-22/rh.58 (SEQ ID Nos: 27 and 58); 2-3/rh.61 (SEQ ID NOs: 21 and 107); 4- 
8/rh.64 (SEQ ID Nos: 15 and 99); 3.1/hu.6 (SEQ ID NO: 5 and 84); 33.12/hu.l7 (SEQ 
ID NO:4 and 83); 1 06.1/hu.37 (SEQ ID Nos: 10 and 88); LG-9/hu.39 (SEQ ID Nos: 24 
and 102); 1 14.3/hu. 40 (SEQ ID Nos: 1 1 and 87); 127.2/hu.41 (SEQ ID NO:6 and 91); 

1 27.5/hu.42 (SEQ ID Nos: 8 and 85); hu. 66 (SEQ ID NOs: 173 and 197); and hu.67 
(SEQ ID NOs: 174 and 198). 

10. An adeno-associated virus (AAV) clade D comprising AAV7 and least 
two additional AAV members useful for generating vectors, wherein each member of said 
AAV clade is phylogenetically related as determined using a Neighbor-Joining heuristic 
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by a bootstrap value of at least 75 and a Poisson correction distance measurement of at 
least 0.05. 

1 1 . The AAV clade D according to claim 1 0, wherein said clade comprises at 
least AAV serotypes: AAV7; cy.2; cy.3; cy.4; cy.5; cy.6; rh.13; rh.37; rh. 36; rh.35; 2-15/ 
rh.62 (SEQ ID Nos: 33 and 1 14); l-7/rh.48 (SEQ ID Nos: 32 and 115); 4-9/rh.54 (SEQ 
ID Nos: 40 and 1 16); and 4-19/rh.55 (SEQ ID Nos: 37 and 1 1 7). 

12. An AAV of the AAV clade D according to claim 10, provided that none 
of the AAV of said clade comprises a capsid of AAV7 SEQ ID NOs: 180 and 181 ; 
AAV7; cy.2; cy.3; cy.4; cy.5; cy.6; rh.13; rh.37; rh. 36; rh.35. 

1 3. The AAV of claim 12 selected from the group consisting of 2-1 5/ rh.62 
(SEQ ID Nos: 33 and 1 14); l-7/rh.48 (SEQ ID Nos: 32 and 1 1 5); 4-9/rh.54 (SEQ ID Nos: 
40 and 1 16); and 4-l9/rh.55 (SEQ ID Nos: 37 and 1 17). 

1 4. An adeno-associated virus (AAV) clade B comprising AAV2 and least 
two additional AAV members useful for generating vectors, wherein each member of said 
AAV clade is phylogenetically related as determined using a Neighbor-Joining heuristic 
by a bootstrap value of at least 75 and a Poisson correction distance measurement of at 
least 0.05. 

15. The AAV clade B according to claim 14, wherein said clade comprises at 
least AAV serotypes: AAV2, 52/hu.l9 (SEQ ID NOs: 62 and 133), 52.1/hu.20 (SEQ ID 
NOs: 63 and 134), 54.5/hu.23 (SEQ ID Nos: 60 and 137), 54.2/hu.22 (SEQ ID Nos: 67 
and 138), 54.7/hu.24 (SEQ ID Nos: 66 and 136), 54.1/hu.21 (SEQ ID Nos: 65 and 135), 
54.4R/hu.27 (SEQ ID Nos: 64 and 140); 46.2/hu.28 (SEQ [D Nos: 68 and 130); 
46.6/hu.29 (SEQ ID Nos: 69and 132); 172.l/hu.63 (SEQ ID NO: 171 and 195 ); 
172.2/hu.64 (SEQ ID NO: 172 and 196); 24.5/hu.l3 (SEQ ID NO: 71 and 129); 
145.6/hu.56 (SEQ ID NO: 168 and 192); hu.57 (SEQ ID Nos: 169 and 193); 136.1/hu.49 
(SEQ ID NO: 165 and 189); 156.l/hu.58 (SEQ ID NO: 179 and 194); 72.2/hu.34 (SEQ 
ID NO: 72 and 125); 72.3/hu.35 (SEQ ID NO: 73 and 164); 129.1/hu.45 (SEQ ID NO: 
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76 and 127); 130.1/hu.47 (SEQ ID NO:77 and 128); 140.1/hu.51 (SEQ ID NO: 161 and 

190) ; and 140.2/hu.52 (SEQ ID NO: 167 and 191). 

16. A member AAV of the AAV clade B according to claim 14, provided that 
none of the AAV of said clade comprises a capsid of AAV2. 

1 7. The member AAV of claim 16 selected from the group consisting of 
52/hu.l9 (SEQ ID NOs: 62 and 133), 52.l/hu.20 (SEQ ID NOs: 63 and 134), 54.5/hu.23 
(SEQ ID Nos: 60 and 137), 54.2/hu.22 (SEQ ID Nos: 67 and 138), 54.7/hu.24 (SEQ ID 
Nos: 66 and 136), 54.1/hu.21 (SEQ ID Nos: 65 and 135), 54.4R/hu.27 (SEQ ID Nos: 64 
and 140); 46.2/hu.28 (SEQ ID Nos: 68 and 130); 46.6/hu.29 (SEQ ID Nos: 69 and 132); 
172.1/hu.63 (SEQ ID NO: 171 and 195 ); 172.2/hu. 64 (SEQ ID NO: 172 and 196); 
24.5/hu.l3 (SEQ ID NO: 71 and 129); 145.6/hu.S6 (SEQ ID NO: 168 and 192); hu.57 
(SEQ ID Nos: 169 and 193); 136.1/hu.49 (SEQ ID NO: 165 and 189); 156.1/hu.58 (SEQ 
ID NO: 179 and 194); 72.2/hu.34 (SEQ ID NO: 72 and 125); 72.3/hu.35 (SEQ ID NO: 
73 and 164); 129.1/hu.45 (SEQ ID NO: 76 and 127); 130.1/hu.47 (SEQ ID NO:77 and 
128); 140.1/hu.51 (SEQ ID NO: 161 and 190); and 140.2/hu.52 (SEQ ID NO: 167 and 

191) . 

1 8. An adeno-associated virus (AAV) clade A comprising AAV1 , AAV6 and 
at least one additional member AAV useful for generating vectors, wherein each member 
of said AAV clade is phylogenetically related as determined using a Neighbor-Joining 
heuristic by a bootstrap value of at least 75 and a Poisson correction distance 
measurement of at least 0.05. 

1 9. The AAV clade A according to claim 1 8, wherein said clade comprises at 
least AAV serotypes: AAV1; AAV6; 128.1/hu. 43; 128.3/hu. 44 (SEQ ID Nos: 81 and 
158); hu.46 (SEQ ID NOs: 82 and 159) and 130.4/hu.48 (SEQ ID NO: 78 and 157). 

20. A member AAV of the AAV clade A according to claim 1 9, provided that 
none of the AAV of said clade comprises a capsid of AAV1 or AAV6. 
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2 1 . The member AAV of claim 19 selected from the group consisting of 
128.1/hu. 43; 128.3/hu. 44 (SEQ ID Nos: 81 and 158); hu.46 (SEQ ID NOs: 82 and 159) 
and 130.4/hu.48 (SEQ ID NO: 78 and 157). 

22. An adeno-associated virus (AAV) clade C comprising A3.1/ch.5; H- 
6/hu.4; H-2/hu.2 and at least one further member AAV useful for generating vectors, 
wherein each member of said AAV clade is phylogenetically related as determined using 
a Neighbor-Joining heuristic by a bootstrap value of at least 75 and a Poisson correction 
distance measurement of at least 0.05. 

23. The AAV clade C according to claim 21 wherein said clade comprises at 
least AAV serotypes: A3.l/ch.5; H-6/hu.4; H-2/hu.2; 3.1/hu.9 (SEQ ID Nos: 58 and 155); 
16.8/hu.lO (SEQ ID Nos: 56 and 156); 16.12/hu.l 1 (SEQ ID Nos: 57 and 153); 
145.1/hu.53 (SEQ ID Nos: 176 and 186); 145.6/hu.55 (SEQ ID Nos: 178 and 187); 
145.5/hu.54 (SEQ ID Nos: 177 and 188); 7.3/hu.7 (SEQ ID Nos: 55 and 150); 33.4/hu.l5 
(SEQ ID Nos: 50 and 147); 33.8/hu.l6 (SEQ ID Nos: 51 and 148); 58.2/hu.25 (SEQ ID 
Nos: 49 and 146); 161.10/hu.60 (SEQ ID Nos: 170 and 184); H-5/hu.3 (SEQ ID Nos: 44 
and 145); hu.18 (SEQ ID NOs: 52 and 149); H-l/hu.l (SEQ ID Nos: 46 and 144); and 
161.6/hu.61 (SEQ ID Nos: 174 and 185). 

24. A member AAV of clade C according to claim 2 1 , provided that none of 
the AAV of said clade comprises a capsid of A3.1/ch.5; H-6/hu.4; or H-2/hu.2. 

25. The member AAV according to claim 24, wherein the AAV is selected 
from the group consisting of 3.1/hu.9 (SEQ ID Nos: 58 and 1 55); 16.8/hu.lO (SEQ ID 
Nos: 56 and 156); 16.12/hu.l 1 (SEQ ID Nos: 57 and 153); 145.1/hu.53 (SEQ ID Nos: 
176and 186); 145.6/hu.55 (SEQ ID Nos: 178 and 187); 145.5/hu.54 (SEQ ID Nos: 177 
and 188); 7.3/hu.7 (SEQ ID Nos: 55 and 150); 33.4/hu.l5 (SEQ ID Nos: 50 and 147); 
33.8/hu.l6 (SEQ ID Nos: 51 and 148); 58.2/hu.25 (SEQ ID Nos: 49 and 146); 
161.10/hu.60 (SEQ ID Nos: 170 and 184); H-5/hu.3 (SEQ ID Nos: 44 and 145); H-l/hu.l 
(SEQ ID Nos: 46 and 144); hu.18 (SEQ ID NOs: 52 and 149); and 161.6/hu.61 (SEQ ID 
Nos: 174 and 185). 
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26. An adeno-associated virus (AAV) clade F comprising AAV9 and at least 
further two member AAV useful for generating vectors, wherein each member of said 
AAV clade is phylogenetically related as determined using a Neighbor- Joining heuristic 
by a bootstrap value of at least 75 and a Poisson correction distance measurement of at 
least 0.05. 

27. The AAV clade F according to claim 26 wherein said clade comprises at 
least AAV serotypes hu.l4/AAV9 (SEQ ID Nos: 3 and 123), hu.31 (SEQ ID NOs:l and 
121) and hu.32 (SEQ ID Nos: 2 and 122). 

28. A member AAV of the AAV clade F according to claim 26. 

29. The member AAV according to claim 28, wherein the AAV is selected 
from the group consisting of hu.l4/AAV9 (SEQ ID Nos: 3 and 123), hu.31 (SEQ ID 
NOs:l and 121) and hu.32 (SEQ ID Nos: 2 and 122). 

30. An isolated adeno-associated virus (AAV) comprising an AAV capsid 
having an amino acid sequence of AAV9/HU.14, amino acids 1 to 736 of SEQ ID NO: 
123. 

3 1 . The isolated AAV according to claim 30, wherein said virus has the 
nucleic acid sequence of SEQ ID NO: 3. 

32. The isolated AAV according to claim 30, wherein said AAV further 
comprises a minigene having AAV inverted terminal repeats and a heterologous gene 
operably linked to regulatory sequences which direct its expression in a host cell. 

33. A protein comprising an AAV9/HU.14 protein or a fragment thereof 
selected from the group consisting of: 

(a) an AAV9/HU.14 capsid protein or fragment thereof, selected from the 
group consisting of: 
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vpl capsid protein, amino acids (aa) 1 to 736, SEQ ID NO:123; 

vp2 capsid protein, aa 138 to 736, SEQ ID NO: 123 ; 

vp3 capsid protein, aa 203 to 736, SEQ ID NO: 123; 

a fragment encompassing hypervariable region (HVR)l through 
12 or a smaller fragment thereof selected the group consisting of: aa 146 to 152; aa 182 to 
187; aa 262 to 264; aa 263 to 266; aa 263 to 266; aa 381 to 383; 383 to 385; aa 450 to 
474; aa 45 1 to 475; aa 490 to 495; aa 491 to 496; aa500 to 504; aa 501 to 505; aa 5 14 to 
522; aa 533 to 554; aa 534 to 555; aa 581 to 594; aa 583 to 596; aa 658 to 667; aa 660 to 
669; and aa 705 to 719; aa 707 to 723; 

aa 24 to 42, aa 25 to 28; aa 81 to 85; aal33 to 165; aa 134 to 165; 
aa 137 to 143; aa 154 to 156; aa 194 to 208; aa 261 to 274; aa 262 to 274; aa 171 to 173; 
aa 185 to 198; aa 413 to 417; aa 449 to 478; aa 494 to 525; aa 534 to 571 ; aa 581 to 601 ; 
aa 660 to 671 ; aa 709 to 723; and 

aa I to 1 84, aa 199 to 259; aa 274 to 446; aa 603 to 659; aa 670 to 
706; aa 724 to 736; aa 1 85 to 198; aa 260 to 273; aa447 to 477; aa495 to 602; aa603 to 
659; aa 660 to 669; and aa707 to 723, wherein the amino acid numbers are those of the 
AAV2 capsid, SEQ lDNO:4 and corresponding regions in the capsid of AAV9/HU.14, 
SEQ ID NO: 123. 

34. An artificial adeno-associated virus (AAV) capsid protein comprising one 
or more of the AAV9/HU.14 capsid protein fragments according to claim 33a. 

35. A recombinant adeno-associated virus (AAV) comprising an artificial 
capsid according to claim 34. 

36. A molecule comprising a nucleic acid sequence encoding a protein 
according to claim 34. 

37. The molecule according to claim 36, wherein said nucleic acid sequence 
is selected from the group consisting of: 

vpl,nt 1 to 2211; 
vp2,nt 2532 to 2211; and 
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vp3,nt2730to 2211; 
wherein the nucleotides numbers are of AAV9/HU.14, SEQ ID NO: 3. 

38. The molecule according to claim 37, wherein said molecule comprises 
an AAV sequence encoding an AAV capsid protein and a functional AAV rep protein. 

39. The molecule according to claim 37, wherein said molecule is a plasmid. 

40. A method of generating a recombinant adeno-associated virus (AAV) 
comprising an AAV serotype capsid comprising the steps of culturing a host cell 
containing: (a) a molecule encoding an AAV capsid protein; (b) a functional rep gene; (c) 
a minigene comprising AAV inverted terminal repeats (ITRs) and a transgene; and (d) 
sufficient helper functions to permit packaging of the minigene into the AAV capsid 
protein, wherein said host cell comprises a molecule according to claim 37. 

41 . A host cell transfected with an adeno-associated virus according to claim 

30. 

42. A host cell transfected with a molecule according to claim 33. 

43. A composition comprising an AAV according to claim 30 and a 
physiologically compatible carrier. 

44. A composition comprising a molecule according to claim 36 and a 
physiologically compatible carrier. 

45. A method of delivering a transgene to a cell, said method comprising the step 
of contacting the cell with an AAV according to claim 30, wherein said rAAV comprises 
the transgene. 

46. A non-naturally occurring adeno-associated virus (AAV) comprising an 
AAV capsid having an amino acid sequence selected from the group consisting of: 
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30.10/pLl (SEQ ID NO: 93), 30.12/pi.2 (SEQ ID NO: 95), 30.19/pi.3 
(SEQ ID NO: 94), LG-4/rh.38 (SEQ ID No: 86); LG-10/rh.40 (SEQ ID No: 92); N721- 
8/rh.43(SEQIDNo: 163);l-8/rh.49 (SEQ ID NO: 103); 2-4/rh.50 (SEQ ID No: 108); 2- 
5/rh.5I (SEQ ID No: 104); 3-9/rh.52 (SEQ ID No: 96); 3-1 l/rh.53 (SEQ ID NO: 97); 5- 
3/rh.57 (SEQ ID No: 105); 5-22/rh.58 (SEQ ID No: 58); 2-3/rh.61 (SEQ ID NO: 107); 4- 
8/rh.64 (SEQ ID No: 99); 3. l/hu.6 (SEQ ID NO: 84); 33. 12/hu.l 7 (SEQ ID NO: 83); 
106.1/hu.37 (SEQ ID No: 88); LG-9/hu.39 (SEQ ID No: 102); 1 14.3/hu. 40 (SEQ ID No: 
87); 127.2/hu.41 (SEQ ID NO: 91); 127.5/hu.42 (SEQ ID No: 85); hu. 66 (SEQ ID NO: 
197); and hu.67 (SEQ ID NO: 198) from Clade E; 

2-15/ rh.62 (SEQ ID No: 1 14); l-7/rh.48 (SEQ ID No: 115); 4-9/rh.54 
(SEQ ID No: 116); and 4-19/rh.55 (SEQ ID No: 1 17) from the AAV7 clade; 52/hu.l9 
(SEQ ID NO: 133), 52.1/hu.20 (SEQ ID NO: 134), 54.5/hu.23 (SEQ ID No: 137), 
54.2/hu.22 (SEQ ID No: 138), 54.7/hu.24 (SEQ ID No: 136), 54.1/hu.21 (SEQ ID No: 
135), S4.4R/hu.27 (SEQ ID No: 140); 46.2/hu.28 (SEQ ID No: 130); 46.6/hu.29 (SEQ ID 
No: 132); 172.l/hu.63 (SEQ ID NO: 195 ); 172.2/hu. 64 (SEQ ID NO: 196); 24.5/hu.l3 
(SEQ ID NO: 129); l45.6/hu.56 (SEQ ID NO: 192); hu.57 (SEQ ID No: 193); 
136.1/hu.49 (SEQ ID NO: 189); 156.1/hu.58 (SEQ ID NO: 194); 72.2/hu.34 (SEQ ID 
NO: 125); 72.3/hu.35 (SEQ ID NO: 164); 129.1/hu.45 (SEQ ID NO: 127); 130.1/hu.47 
(SEQ ID NO: 128); 140.1/hu.51 (SEQ ID NO: 190); and 140.2/hu.52 (SEQ ID NO: 191) 
from clade B; 

128.1/hu. 43 (SEQ IDNos: 160); 128.3/hu. 44 (SEQ ID Nos: 158); hu.46 
(SEQ ID NO: 1 59) and 1 30.4/hu.48 (SEQ ID NO: 1 57) from Clade A; 

3.1/hu.9(SEQlDNos: 155); 16.8/hu.l0 (SEQ ID Nos: 156); 16.12/hu.ll 
(SEQ ID Nos: 153); 145.1/hu.53 (SEQ ID No: 186); 145.6/hu.55 (SEQ ID No: 187); 
145.5/hu.54 (SEQ ID No: 188); 7.3/hu.7 (SEQ ID No: 150); 33.4/hu.lS (SEQ ID No: 
147); 33.8/hu.l6 (SEQ ID No: 148); 58.2mu.25 (SEQ ID No: 146); 161.10/hu.60 (SEQ 
ID No: 184); H-5/hu.3 (SEQ ID No: 145); H-l/hu.l (SEQ ID No: 144); hu.18 (SEQ ID 
NOs: 52 and 149); and 161.6/hu.61 (SEQ ID No: 185) from Clade C; 

hu.3l (SEQ ID NO: 121) and hu.32 (SEQ ID No: 122) from Clade F; and 

rh.59 (SEQ ID NO: 1 10) and rh.60 (SEQ ID NO: 1 20); 

or a unique, functional fragment thereof. 
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47. The AAV according to claim 46, wherein the fragment is selected 
from the group consisting of: 

a fragment encompassing hypervariable region (HVR)1 through 
12 or a smaller fragment thereof selected the group consisting of: aa 146 to 152; aa 182 to 
187; aa 262 to 264; aa 263 to 266; aa 263 to 266; aa 381 to 383; 383 to 385; aa 450 to 
474; aa 45 1 to 475; aa 490 to 495; aa 491 to 496; aa500 to 504; aa 501 to 505; aa 5 14 to 
522; aa 533 to 554; aa 534 to 555; aa 581 to 594; aa 583 to 596; aa 658 to 667; aa 660 to 
669; and aa 705 to 719; aa 707 to 723; 

aa24to42,aa25to28;aa81 to85;aal33 to 165; aa 134 to 165; 
aa 137 to 143; aa 154 to 156; aa 194 to 208; aa 261 to 274; aa 262 to 274; aa 171 to 173; 
aa 1 85 to 1 98; aa 4 1 3 to 41 7; aa 449 to 478; aa 494 to 525; aa 534 to 57 1 ; aa 581 to 60 1 ; 
aa 660 to 671 ; aa 709 to 723; and 

aa 1 to 1 84, aa 199 to 259; aa 274 to 446; aa 603 to 659; aa 670 to 
706; aa 724 to 736; aa 1 85 to 198; aa 260 to 273; aa447 to 477; aa495 to 602; aa603 to 
659; aa 660 to 669; and aa707 to 723, 

wherein the amino acid numbers are those of the AAV2 capsid, 
SEQ ID NO:4 and corresponding regions in the capsid of 30.10/pi.l (SEQ ID NO: 93), 
30.12/pi.2 (SEQ ID NO: 95), 30.19/pi.3 (SEQ ID NO: 94), LG-4/rh.38 (SEQ ID No: 86); 
LG-10/rh.40 (SEQ ID No: 92); N72t-8/rh.43 (SEQ ID No: 163);1 -8/rh.49 (SEQ ID NO: 
103); 2-4/rh.50 (SEQ ID No: 108); 2-5/rh.51 (SEQ ID No: 104); 3-9/rh.52 (SEQ ID No: 
96); 3-1 l/rh.53 (SEQ ID NO: 97); 5-3/rh.57 (SEQ ID No: 105); 5-22/rh.58 (SEQ ID No: 
58); 2-3/rh.61 (SEQ ID NO: 107); 4-8/rh.64 (SEQ ID No: 99); 3.1/hu.6 (SEQ ID NO: 
84); 33.12/hu.l7 (SEQ ID NO: 83); 106.1/hu.37 (SEQ ID No: 88); LG-9/hu.39 (SEQ ID 
No: 102); 1 14.3/hu. 40 (SEQ ID No: 87); 127.2/hu.41 (SEQ ID NO: 91); 127.5/hu.42 
(SEQ ID No: 85); hu. 66 (SEQ ID NO: 197); and hu.67 (SEQ ID NO: 198) from clade E; 

2-15/ rh.62 (SEQ ID No: 1 14); I-7/rh.48 (SEQ ID No: 1 15); 4- 
9/rh.54 (SEQ ID No: 1 16); and 4-19/rh.55 (SEQ ID No: 1 17) from the AAV7 clade; 
52/hu.l9 (SEQ 1DNO: 133), 52.1/hu.20 (SEQ ID NO: 134), 54.5/hu.23 (SEQ ID No: 
137), 54.2/hu.22 (SEQ ID No: 138), 54.7/hu.24 (SEQ ID No: 136), 54.1/hu.21 (SEQ ID 
No: 135), 54.4R/hu.27 (SEQ ID No: 140); 46.2/hu.28 (SEQ ID No: 130); 46.6/hu.29 
(SEQ ID No: 132); 172.1/hu.63 (SEQ ID NO: 195 ); 172.2/hu. 64 (SEQ ID NO: 196); 
24.5/hu.l3 (SEQ ID NO: 129); 145.6/hu.56 (SEQ ID NO: 192); hu.57 (SEQ ID No: 193); 
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136.1/hu.49 (SEQ ID NO: 189); 156.1/hu.58 (SEQ ID NO: 194); 72.2/hu.34 (SEQ ID 
NO: 125); 72.3/hu.35 (SEQ ID NO: 164); 129.1/hu.45 (SEQ ID NO: 127); 130.1/hu.47 
(SEQ ID NO: 128); 140.1/hu.51 (SEQ ID NO: 190); and 140.2/hu.52 (SEQ ID NO: 191) 
from clade B; 

128. 1/hu. 43 (SEQ ID Nos: 160); 128.3/hu. 44 (SEQ ID Nos: 
158); hu.46 (SEQ ID NO: 159) and 130.4/hu.48 (SEQ ID NO: 157) from Clade A; 

3.1/hu.9 (SEQ ID Nos: 155); 16.8/hu.lO (SEQ ID Nos: 156); 
16.12/hu.l 1 (SEQ ID Nos: 153); 145.1/hu.53 (SEQ ID No: 186); 145.6/hu.55 (SEQ ID 
No: 187); 145.5/hu.54 (SEQ ID No: 188); 7.3/hu.7 (SEQ ID No: 150); 33.4/hu.l5 (SEQ 
ID No: 147);33.8/hu.l6(SEQIDNo: 148); 58.2/hu.25 (SEQ ID No: 146); 161.10/hu.60 
(SEQ ID No: 184); H-5/hu.3 (SEQ ID No: 145); H-l/hu.l (SEQ ID No: 144); hu.18 (SEQ 
ID NO: 149) and 161.6/hu.61 (SEQ ID No: 1 85) from Clade C; 

hu.31 (SEQ ID NO: 121) and hu.32 (SEQ ID No: 122) from Clade 

F; and 

rh.59 (SEQ ID NO: 1 10) and rh.60 (SEQ ID NO: 120),. 

48. An artificial adeno-associated virus (AAV) capsid protein 
comprising one or more of the AAV capsid protein fragments according to claim 47a. 

49. A recombinant adeno-associated virus (AAV) comprising an 
artificial capsid according to claim 48. 

50. A molecule comprising a heterologous nucleic acid sequence 
encoding an AAV capsid protein, wherein said nucleic acid sequence is selected from the 
group consisting of: 

30.10/pi.l (SEQ ID NO: 28), 30.l2/pi.2 (SEQ ID NO: 30), 
30. 1 9/pi.3 (SEQ ID NO: 29), LG-4/rh.38 (SEQ ID No: 7); LG-10/rh.40 (SEQ ID No: 14); 
N721-8/rh.43 (SEQ ID No: 43; l-8/rh.49 (SEQ ID NO: 25); 2-4/rh.50 (SEQ ID No: 23); 
2-5/rh.51 (SEQ ID No: 22); 3-9/rh.52 (SEQ ID No: 18); 3-1 l/rh.53 (SEQ ID NO: 17); 5- 
3/rh.57 (SEQ ID No: 26); 5-22/rh.58 (SEQ ID No: 27); 2-3/rh.61 (SEQ ID NO: 21); 4- 
8/rh.64(SEQIDNo: 15); 3.1/hu.6 (SEQ ID NO: 5); 33.12/hu.l7 (SEQ ID NO:4); 
106.1/hu.37 (SEQ ID No: 10); LG-9/hu.39 (SEQ ID No: 24); 1 14.3/hu. 40 (SEQ ID No: 
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1 1); 127.2/hu.41 (SEQ ID N0:6); 127.5/hu.42 (SEQ ID No: 8); hu. 66 (SEQ ID NO: 173 
); and hu.67 (SEQ ID NO: 174) from Clade E; 

2-15/ rh.62 (SEQ ID No: 33); 1 -7/rh.48 (SEQ ID No: 32); 4- 
9/rh.54 (SEQ ID No: 40); and 4-19/rh.55 (SEQ ID Nos: 37 and 1 17) from Cladc D; 

52/hu.l9 (SEQ ID NOs: 62 and 133), 52.1/hu.20 (SEQ ID NOs: 
63 and 134), 54.5/hu.23 (SEQ ID No: 60), 54.2/hu.22 (SEQ ID No: 67), 54.7/hu.24 (SEQ 
ID No: 66), 54.1/hu.21 (SEQ ID No: 65), 54.4R/hu.27 (SEQ ID No: 64); 46.2/hu.28 (SEQ 
ID No: 68); 46.6/hu.29 (SEQ ID No: 69); from Clade B; 

128.1/hu. 43 (SEQ ID No: 80); 128.3/hu. 44 (SEQ ID No: 81); 
hu.46 (SEQ ID NOs: 82) and 130.4/hu.48 (SEQ ID NO: 78) from Clade A; 

3.1/hu.9 (SEQ ID No: 58); 16.8/hu.l0 (SEQ ID No: 56); 
16.12/hu.l 1 (SEQ ID No: 57); 145.1/hu.53 (SEQ ID No: 176); 145.6/hu.55 (SEQ ID No: 
178); 145.5/hu.54 (SEQ ID No: 177); 7.3/hu.7 (SEQ ID No: 55); 33.4/hu.l5 (SEQ ID No: 
50); 33.8/hu.l6 (SEQ ID No: 51); 58.2/hu.25 (SEQ ID No: 49); 1 61 .10/hu.60 (SEQ ID 
No: 170); H-5/hu.3 (SEQ ID No: 44); hu.18 (SEQ ID NO: 149); H-l/hu.l (SEQ ID No: 
46); and 161.6/hu.61 (SEQ ID No: 174) from Clade C; 

hu.l4/AAV9 (SEQ ID No: 3), hu.31 (SEQ ID NO:l)and hu.32 
(SEQ ID No: 2) from Clade F; 

rh.59 (SEQ ID NO: 49) and rh.60 (SEQ ID NO: 31); 

or a unique, functional fragment thereof. 

5 1 . The molecule according to claim 50, wherein said molecule 
comprises an AAV sequence encoding an AAV capsid protein and a functional AAV rep 
protein. 

52. The molecule according to claim 50, wherein said molecule is a 

plasmid. 

53. A method of generating a recombinant adeno-associated virus 
(AAV) comprising an AAV serotype capsid comprising the steps of culturing a host cell 
containing: (a) a molecule encoding an AAV capsid protein; (b) a functional rep gene; (c) 
a minigene comprising AAV inverted terminal repeats (ITRs) and a transgene; and (d) 



74 



sufficient helper functions to permit packaging of the minigene into the AAV capsid 
protein, wherein said host cell comprises a molecule according to claim 50. 

54. A host cell transfected with an adeno-associated virus according 

to claim 30. 

55. A host cell transfected with a molecule according to claim 50. 

56. A composition comprising an AAV according to claim 47 and a 
physiologically compatible carrier. 

57. A composition comprising a molecule according to claim 50 and a 
physiologically compatible carrier. 

58. A method of delivering a transgene to a cell, said method comprising 
the step of contacting the cell with an AAV according to claim 47, wherein said rAAV 
comprises the transgene. 
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ABSTRACT OF THE DISCLOSURE 



Sequences of novel adeno-assbciated virus capsids and vectors and host cells 
containing these sequences are provided. Also described are methods of using such 
host cells and vectors in production of rAAV particles. AAV-mediated delivery of 
therapeutic and immunogenic genes using the vectors of the invention is also 
provided. 
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IfLPO irrLfl»retnjn(a B n AA B w FR D K ATOCQItBA G EH TTI J TITH A P AAFQBALQBPT BPwCaCLCAA V TQAAJCHVwX P1«Q- LVBBGAB.TAPCKKBJ'YB - — 

* ' ' "*~ VT D OJ QU . fflTTTP Tl JI TTnU k P AJ^iai^BDtay Wm^a A V raAXKBVXgytO- LvMCAKTAFXaX-JVBFg P 
^■j' jj ljj g**^ ^ LVUCAET APCXJC EU> VI P 3 P 
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^T^.r^r^rTT^i^^^rr.rCZTTTTrL^rT.r^ _VX«CAJ£TAPC»RPV_P8P 

tUUUaGTlJPmwligai-liaiP^W mil t t.TTrty> T T>QQI^ffnT^ Pvtjy»n»pitrjnTa i/jimf rTPrWfCTlAVr'nArp r*VT.gPTrU- LtltCUTUcnuviniB 
KAA^I_>D*JI^ECIB*1r«>lJU>Gl^l 

* "~" " * " "" """ ™ — K^WVVWkAYBVlXPia-bVUAAA^APGlCKRPVSPSP 



KAAOOTLPDVLSOta^ZC X BKMMSUCPGAPAY1CAttQOKQOS8XSLVI^0TKrbOP7BSU3XGIF 
MAADCTLPDWLBDBLSXC X BWDIJCPaA«P«ASQ(^QDOCMLVXJ<nXTLcp r 



^!SSS^ ?? ! !? !IH a,Ba *^^ LVKZGAKTAPCIKBPTSPSP 



CAttKMLKACOZIFYUKra 
UtTXH)QIjBA4aOTlXXITmADAJ^BAJ42£OTSr 
"*______f iT ___5__fU^_>_W LVEBAAJCT APCrxRPVBPSP 

> IJBDK AlPQO L M CniiP TLMMgAOAOTO >>Ifl>Xff tPOOHLCEA'VPQAPUtVl.lPIO-- LV EKGAAT/AFGJaCItPVBPS P 



MAAP43rLPI7^tan3I01Hg>mBF 

' ' r ^\TOXQi^ocrmprijnrsHAPA«nigixoiprirG<nn^3utv^ . . . 

Lll)aoaLIt>OIIBFYI-nHBADAJD>QS^ LVXBGAXT APGXKRP IB 

.. . .. - - -—- — — — ... w~ *.«..* — «im ™ .r^ « .» n---i.»HTTw.Tl)IQl.»p«Ii-w Tij rmfcn»«»CT LTUSAKTAfiCXXAP I ■ - - . 

rb. 21 MAADCTLPDWmgL3 tQl»A-^I^aAI^PKAJ^IQnoWt.VLPqTIYt^>n«=IJXOW^ LVltQAJCTAPCTraP IB-- - 

2' »wi Ei1£E£^i^gS.^S£i^^ LVHCautTAPCUtRPVlPSP 

s I wi __^Ji?25*?^|^" 1S |^^ LVXXOAKTAPGntapvSPSP 

hu! 13V71 SAA^SlS«^S"ci^^ 
b* . 14AAVJVP1 bAAPOTlJT^I^IOIRgWWJLIJCPC^PTAWOQEOaaWLVlJ MJAI II.IEDIATDOQ^A^^I^il^^ 

Cb. 5VP1 MAAOCTlJWl^In^SIOXUOWIjrPGPPPFXPBOQHSniiSM LVIAAVITApSItailBMP 

bu, Jivpi b^A^criJDin^^ioiTOarti^spPfPCT . 

AAVJ WAAOOTUOTUOTI.S IQiaQWII^gPtxWPXltltraMMLVtjetwt^^m.w^^r....^.. .w^,^^. — "rTT^ ITTTTL1J AlTaiTiamTnroaaLguiVTtULA^TLlJ LP LmmTu^nn^t 

bu.4svpi MAjacwgpwiwffLB *9iwamnaj»&rm»*MMBmonatJ9u?QgmAPHKau*ii^ unMy^v^i 

bU.41VPl AWHtTIJPimiLS BO 1HQ WWXI»KPBP PP PAPA KP mtPDSEOfcyfaPOTATIiBy raBUXGi 
bAAOCnJTWL*CTI.a IG I RQMWUJCpap PPPXPAIftHMOOS taLVUPCYXTT<OP PBOLDXG: 
XAADtmj>CWUCTX.BIOIRQHnXJCPSP PPPXPA13^IZ»XtdlOX.VbP0nTt<ePPIIQLDt.a 

NAADOTIJlWLJUm^iaZBOlfWXUCPBPPPFXPASKJa^ 

MAAOtni^SHUEDZI.SXOXBQW'IXXPCWPFCXWAKP^XOOSlJOLv^ 
MAADOTLPPimPTM 10 1 BgWHUPOP PPPKP A PUUtP D<ECLVUOTBTliCTPl»«»^»>». 
KAAOCTLPDWI^im.3 tflwqiwt r.re(»»B i » ? i HUHPDgl ^Ti p f PffnTTrgPFUgLPf 
iuuu>CTiJT3«Jtirn.3tGiA^ifl«xi^a?rppxpArju^ 
lUAiKnrifDiri^CTXjroxRQMinci^cpppp^AiaiiDM 

KAADCTLPDWLtDTl.B 10 1 RQWW tXPOP P f PKPACRBIDDJ IOLVLPOYXTUOP FSOLOXw,. , ukuuus I M. I muuuuiyy B»i-»Jlxn-s»TJWHlAWAVFt_. AXXAI US PLO- LVH PVITAPOAXAPVa Bfl P 
MAADOTUD^DTX.SBOXK)WWlUJWCTPr FZPAIJ^ pXj0 . _. V « H TOTAPOTtIlPVHt«P 

?^^^?JH?!!-! LVOPVETAPeWAPVSnSP 

tn^pruBaiR^MXUCPUPPPKPAZA^A7>osKax.vi«OTSTLeprn^^ 

kTP BOUflCnaPTU THH AP AgFQ El LK gP TSPQQgiaAAVPQAKZaVLl FLO- LVdPVKTAPQiatttPVBBSP 
tTDHQIJS GIIHP TUnragAOAPOKMXAPrBP^CHI^tBAVP^AOKVXK FLO- LVZSPVXTAPGKKRPVIHSP 

iTOi^iJtA^oBFTnxrmAaMi^i3ax3n3Tff^ooHi<PA LvscpvtrrApauapvcfisp 
„ „ .„ — iTOaou^mOTrMnraHAPAgi^irutA^sFoc^ 

WAaKBQDPfltCLVLPOCTrLCPPa m JIIOTPVBB i n fcl H . K HD«ATPaOLD3C»-"-» 



bu.l3VFl 
bu.3BVPl 
bu.ISVPl 
bu. 1JVP1 
bu.lOVPl 
bu. 21VP1 
bu.23 3 VP I 
buTjJVPl 
bu.3?VPl 
hn.4VPl 
hu.avpl 
ha.lVPl 



LATO«QI^C3BIiMXKra ^ A3 IT 03atL3aDTgP LVKBPVKTAPCEXJIPVSQSP 



iTD 1^ U> S CONPYUTBBABAVQ BXIXKDT S P^CHLaUVPQAZXRI LA FU3 - I»VU PVKTAPGXJUtPVSBSP 

VTDA^lXJa OIi>gTlj nnBiAiaAgPqKAIJUOTgPX30BWaAVPX3A 

iTPBOIJ>agn^yiAV HTl>Pll^iraijr;n Tfl> t^m.f;a>t^»TyoT i ( t|r t ^ 

^TDHQWO^OThltTJimiUUBfQHlXKJm LYUFVKTAP8KKJIPVXH8F 




bu.lOVPl 
AAV) 

AAV1 „,_.._, t „ 

bu . 4 1 VP I KAA04YLPDWLX0BX»3 EQ I ASMKDlJCP0APKPXAHX}QKQDOCXCI^IJ?CTAirL<6P 



rTSQADAKPOSALKSQTBP^SOHLOAAVP'OUCKBVLCP UQ- X.VCI SVKTAPOXX APVSHS P 

'IXAYgHAD AgPQ XaiXBJTflP^WI^aAVPQAAIJtVLA P 1^ - LVX3 PVKT APCEXftP VBH3 P 



KAA08TLPDtfLBZ)SXf5 10 X RKWMXUJCPGAF IPAAKQQ H QD DG BE LVUP CTXTLCP PB 
KAA5CTlJT5«^im^M3ROinfBtIWOPPFPWAJWHJ©OS»OLVl* 
XAAD6T UDWLZSTXiS BO X BQWWUJtPSPPPPKPABSBXOOS KOLVLPOTKTI<BF 



ATBJ^LJJSCBNPiniYKaMlAATQWUJ^ 

JATWLiJuaOTTiJtiTmAnAj^BauoxnrrB^ooH^ 

'ATCQOLA\ACIIM?YIJIYSH*CAKt^AXLQ&^T8FOOA > I<QAAVFOAAXAVUICPLQ~ bVCSCaUCTAPGXKKPVBfJSP 
_ " >YUtVBBABJU " _ 



IT-? ^ -~.*^~^ M ^^^^ W s« M< ^VP^AB3t«VLJtPtO- LVncaUCTAPGKXRPVBQSP 

i&Tmu* Gun *ixm LvxBaucTAPGrjcapvsosp 

« . « WQAB3UWLAPLO- LVKBaABTAPaBXnPVXQSP 

mMxnmno- lvmgaatapgbxrpv»qs p 




'F TOJTT Cgp V H t > n I B > LTHDCA TPQQLIACOHPTIJtTgHAPAATQXALO KPT8POQIII.OKA vyQAAXBV LB P LQ- LVXBGAXTAFCXXRPVtPSP 
»sit m'ctmw a n a B A T . °~ VTPQQULAmCTTlATrSHAbAA^iai^lgrBPaOal^CBA L V BBAAXT APCKXRP VOQ3 P 

OTQWJUuMwn*Bwai>ig^aia3mw pvsjuuutafcbxrfvxpp p 
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bU.44VPl 
bu.«(VPl 
bu.43VPl 
AAVSCap 

bu.ISVPl 
bu. 24VP1 

ro . t 4vpi . _ „. „ — ^..-w^^^, — 

AAV IB lUUUStnXFPVLASSLS CO 1 RBTMWAIJCP0V?CPXkSQQEQD2nUU3I.VLJ> 
bu.43VPl — • ~—* * ■•- - 

bu ■ « 7VP MAASCTLPOMTJCSBU BO IBBlfHSUPSAFF^FJUBQQKODOOKOLVLLflTKTLGP 

ba.CCVP — ~ * - 

ba.SlVP 



iTI^UAOiafPTUTS3ADAJ^3aU4)S1IT^^ LVBAAAXTAPCXXRPVBPS P 

tTOQOLBACpifP TI«A TM BA1XAB>, AAI^KQTBPOO WLqA A V TQAAAAVLXPlO- bVBBAABTAPOKKAP VBFg P 
b. . 9ZVP MAAtWLPiiiiT^rirTi^KOiaain*ix»>gp»pg»A«BinmM Kif wuyi Bin ..m- LVtnwnuanwvnsD 

to! 3 TVP SaA^1_SSSSxII^^ 



ta.fivp 
tm.CBVp 

bs.BOvp . _ _ 

btl.IlVP KAAOCTLPWiXimJBOIKawXIJCPCPPP 

ba.ajvp 
bu.SSVPl 
bu.5«VPl 
rulir 1 
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LAOJtSDfULTDP^UKWinn'TlJnrraADAB^ L VX1PVXT APGKK RPVBH3 L 

i^iajjaoTap^oao^JiuivTaAiJuivTjcrLa- LvrASvxTApaicKapvBaap 
^ZKixiayrCTO<nn^KAvpxuATUtvi^p lo- Lv_BPvxrAP<j»3capvtapp 

^BSU3U>TSPOaaU-BAVPQABaiWbSPLO>LVUPVn 
l8P4JC30)T8P^ro«SAVFQAURVUiaa- LVUPVXT APCaOttlPVBBS P 
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rh. JJVPl Q.|P0SSMXSUCZQ»UZfiLHrSCpra»a<DC9 VKOSOT&US-- 

aav 4 vp 1 Q-QpD3»TQiCTKCioyAxxxLvydxTOAa-PCP pxgaTSGAna-. 
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tab. 2VP1 OKSP038TGXSUOQ07AXULOrO-01COStSVP».-PQPiaBr»JU2PBri:i . . 
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-BPD3rreiCTixTO?Axg»iJiyo-oTtTOKjvpi>-pQpi<ap>Aia^ci^son^ 
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rfa.24VFl 

ih.um 

rh.lCVFl 
rh. 17VP1 

xh.um . ._. w „„„ ,,. 
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rb.«ovPi gaflPDa«TCieaLxcoo>JiiJULLjycoTqtfKJ\TO--i^Pi(aryj^ 

pi . 1VP1 ..-FDSSSCXaUtWPJUCXPXBro-Q»a»K0VP0. •P05LflIPPAOPSai«CSOT»AAOOGfci» * — »^««^r«r»»r««w»wowir«PB 

pl.jvpi - ' - 

P1.2VP1 
rb- 92VP1 

rb.SJVPl . 

rb. 4 >VP1 QRSPDSflTOtCaUtCQOPAMaLETO -0TCO3 18VPD- . POUOXPPAAPaSVCSSm 

rb. s iv»i QaaposasoxGueooPAUKUCTe-onsBa ksvto- -pop tcxrr aapo r 

rb. S7VP1 OXSPDSSTaiSUCOOPASXPXKPO'OltaUBSVPD- -PQPIG3PTAAP8 IT 

rb. SBVP1 OP^MR^QUCOOPABXBLaPB-OTCSSUVPD- .^BfMwiiBtom ^i^ ^ tn^ ^i ^ ^i ^^^CT ^^ 
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rb.SOVPl ^ttflPaaarcitsneoQPAggnutPO.otcaaMVPO- ■K>8tiawA»gaim:<ifiTim«iim«»tn mT n f rvp^gy P 

ri». itvpi oagppap^cxcKixooPABxaxaro- OTm at gvpo — repioapf AagaraflaoT imoco A Fi-ftrwreM * , ™^a 1 1 » i mtr , „ ^ . 

rb.41VPl Q-8?S938aX(Xra^0?ARXRlJne-0/rGD8S3VPD-.I^Pl^ 

AAVBVPXgwabuk QP«ra««MOMWQOP»JttPaj^- QTgW tOTPO- - POFI«PPAWGV<XPB TOl*OO OAF»aiaa3miAl^^ 

cy . 2VPX C KOTOS »TOIOXXCOO?AEJUUJmj-OTCD3rBVPO- -FQPX^PFAAP88VGa*2TV2JU2CO*ITttPBra 

AAV7 CKSP0SffrOXCIJLC0QPJUULai2ir0-0TCDS*«VPO- -PCPL^PPAAPBBVGSCrvAAOCGAPlUUmiaiAOT 

rh 1 lp.rti»'.VPl . .SPDSTSOX SZKCOQPACUUVO-OTCOSSBVPD- - POPXCBPFAqPB81^8g TO JI fXm t Pll AX2ni l 2»AJPC*CB^CB^ 8B-QS-AG8? 

rb.(2VPl paggnfl »tct attOOOPAMI PAWFO-QTCM »«wn. . PQPICBPFJUXp>gt080IMI '"^ FT^PHFT I M 

GJLBFD30Tail^CWrAIJUUJI7O.QTt»3EBVPD--I^PIiaPPACT __ 

0aSPDS8MX<axCOQPA«aLBTO -OTOOS ESVPD- - PQPX gBPPAAFBBTC«2 «U < 7fi gAPBaX ro ^ -OS - AC 8 THD3VT POY9 TP WCYPD PVRFHCHP S P a 



SJfaaWTWI^IIVITTOTBTWAlJTTSHHLTXQISa-OTSCCS' 
tCPai«UOB«VlTTBT»TWAfcrTTaaHH»OXe3i -OTBCCS 




STPHOT 



IRFBCHPSFB 



rh. 48VP1 
rb.S4VPl 
rh.SSVPl 
rh.iOVPl 
ey.JVPl 
cy.5VPl 
rh.llVPL 
ey.4VPi 
cy.«vpi 



ORSPDSflTci gxxcoop areruito -otgdsxsvpd . . POPiOTPPAAPapvtaonajwiBaAPMJUwrrojuwvosps^ 

- -spasnoxeurcQPPAaxsufPO-OTessBsvpD- -*GnaMnA*paaLaso m * ma * ru »z nBn a»DammjkaatatBCDSTineowxrTS'XKrtuL » t t tuai. mii*' bqs- -anTTfP«Hr»n»yT f « ? rpprH P r »« 7«F itpH 
. -sPDSffraiacixQOPAmtujTO-OTCDSiBVPD- -PCPi^ppAAP8CLQax? TM » aQrr»F M b iTMTra 

- -8PDS8YGXSXX0QQPAXKXX«Ta-QT6DaBSVPD- - POPUaPPAAP8Cl<aOTMU>OOaLFBAPTTgTCAIX3Vt^^ BQ3- -CAPrDHgFPCTgTPWCTP D PW BPlCUP flPP. 

k • iZffgSg^St^^'SI^^^ '32^^!^ -Q*no»BypgraTP«CTr»DyBByHCHPaPfc 

rb. 23vpi --apoagr<acncooP fcrwu^ -o ici>J tsvpp--pqpicxppACpaci^OTiLA^ — 
rb. xsvpl QBSPDasraxaxicooPA«XRi-HTa-OTCDa«svpD- -PCPXgCTPAgpscLcsc rra *« (2fW AiTuu)ggroAoovqaa w 



ypOTBI PWG Y PD 



rb.SSVPl 
rb.J-JVPX 

rb.KVPX --SPD3rKamu^)QPAIJJU^TX3.0T«^lBVPO^.PQPl^PPAAPB5VCSl 



CESTHLCDBV I ITS THTWAlJTTtDIHLTIO I S S S3 3 - -OAlM PIM YPOT B T P W C TP DPaPJ r umP BPtt 

nLrxorsflssB- " 

tBLtKQKUSSB- 



rb . 23VP1 0BBPI2BBTCI(3TC0QPAKXBLErFO-QTCDSKSVPD-.PaPXOlPPAGI 
rb . IVPl Q-BPDa8SGXCXTC0QPAKBBXBTa-0TGO9SSVPO- -PCPUHPPAAP8CLCP 
rb. i 0-BPD5aaOXBX6«0QPAXXBLAPO-0>aDSSBVPO--P0PLaSPPBAP80X«P 
bu. JIVP1 Q-BPD3aACI8XSCSQPAnXLHPa-QTCDTXflvPD- • PQPX88PPAAP8CVC8L1 

btt . 1 4 AAV J VP 1 Q-BPI»8AGX6X8(MQPAUBUrr8-0TSI>TB8VPO- • P«PICBPPJUkP86VOSLTXABaOGAPVAj>B3m2AlXZVas8aOHM^^ . 

Cb . SVPX A-MD888WC1}8^PAJLKBXHTO-0TWMVPD--P0PX(»BJPJU^ -GATWDJtH" 



WITTS TSTWAWT TKHHLTXal 

rvjTTSTan 

n-YKQISH. 




bu. J4VP1 V-KPPlBSCTCTACOQPAmtMTq .qTOOAPgVPD- - POPI^PPAAJgCIXmmtATtiaCAPXAPggrgJLPgTOIIgncugMBP^ ! TWm ,T»QI BB -Q>- -OABJ 

AAV2 V-BPOJ880TQKACQQPAKAHLHPQ -QTC2HADSWD- -PCPl^PPAAPBiaCTimUTQaaAPlULPMB«flAPgtfm 
bu. 45VP1 V-BPOafl8GTSBJUIQQFAJtXKLBra-0TGaAD5VPD- -P^PX^PPAAP6S2A2TVTJUTOBaAPIUA«BBaADCZVOBSBanf^^ 

V-BPSS88CTGtJUH]QPAPJUU«PO-0TG&AX)8VPD- - FQPXJQP P AAPBOjOrgTBATCSOA PltAOtPflttAIMVOKSflgHlfHCDSTKllCBHVT TTBTKTWtljPTTBBHLTfBQX 8 8 -OB - * 
A-BPO8BSOr«AGQ0PAaXBlJrrO-0TCI^SVPO--PQPI^PPAAPS<aX27^^ 

A-rpaasscrTGrBQHQPAMRLOTo-cTgnAnsvpD- - POPtitQppAApaaic— — — — >~^~.-.> - - 



bu.47VPL 
hu.LlVPL 
HU.2SVPL 

bu.aivpx 

bu.UVPL 

bu.2CVPL 
bu.2ivpx 
bu.2i 2VPI 
buT22VPL 



ntATCSOAPKADa 

A-XPOSBSCTCT CCBJQPAXJUILMTO .OTOBaDSVPD- - PCPtOQ PPAAPS QLOnfTBATOS SAPBAOttXXdASOVOSfiSt 
A - B POS SBOrSXACQQPABBBXJfPO -0TSBAB8VF&- -PQPUOQPPAAPSOUITWTMAf 



MTTSTB. WmjTTHHSLCTOI BB -08 * * GAUMBBm PU I8TP W G IP D PtrRPHCHT APR 
rr TT87BTWALPTTltHMI.TAQiafl-QB- -QABHOBHTPCTaT P WOTTOygRPKCHTSPK 
X8TW4CTOTirfBTRTWALPTySBHLrXai8fl-0B- -Q 



bu,4VPl 



A»RPnafiSCTSllt<^P AMBIJI TQ»QTCnAl«VPI^.POPt^PP^BlimjTTia^jq^ ^ 

A-BPO98BSTaACg0PAaXBJLB7B-0TaSADSVPD> .pPJLaQPPAAP8QI X3Tirn ULBaaaAPBUU2B3«t2ADgW -QB- 
B-lPDBBBCTBBJISOOP AJ U UU j a po^TOgj^ 

A-BP08S80TCIAgOQPABJMlJ^-OTSIUDaVPO--POPI^PPAAPSCLOTBT^ 
A-BPOaSBCrCTAC0QPAAXaiJPq-0TOTAX>avPD.-POPl^PPAAPBOl^HTK^ 

V-BPD38S««AIKMPi^J»IJm»-OTCnADaVPO- -POgl/JOPPAAPBO^rnUTqBaAlTUPKCTQAP^ STPWSTPBFHBPBCHPaPB 
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■-Biaj^FA lfT0A Txr raj«xaBX VB3>^^ 

* ~ " ^vs^AMAiraoiMjTOSsoiurrao- -GA ffl nt a y u i u - bviq.^ aaaiatww attotcvva 



TYLSRXQS- -TOO- - -TtOTQQIJ^80AiamgHt*C*arnnJCPCTTt00BVgTTl^Cg- . 

rrvs*TQS--TOO — Taoroohbra 

TYlflaroa - -TOO- - -TAin^M^gOACPfliaMOfcAB»WgCTA0CHVBTTlJfl»- - 

TTLsaraa - -tgo- • -TAgrpgixrgQACw a iUA O ita jw tPCJCT ^oqav BrT L eaa- • - 

TTLOSTQa - - - -TA0TQQU'aOASP8axaAOAB3nftfCFCTKOQaV9TTl>£QB- - - 
TTLflBTQa — TTO- » - TACTTJOIA FaQACgBaW AQMtaWtP CPCrK OO aVaTTL BOJ- - - 

manor-- too- - -TA groTw aooc pgi i i Mt o> Kmn jKZPcraoo avBi T io qu HHSOTAirTAaT-xYHUKRsmjua* -haarsbadtb iniuiiiiBironamm 



sarrFSSoz&XFcro- -GAtmxifvtrrB - zttxltskzkixtthtvattqtcvva 
-"-■rryABoimrGxp- -QASszunmra - bthi>tbko xbtttbtvatbototva 



TTLABTQSD-PSO- • 



■TAcaiLaT^rT^P8Tiux^fcAwnj<iPcy«OQavarriJoa- . 
■Ti<nrBa^iCH^vaniti^>rBrTjgpcrwavgrrtooB- • 




rb.COWl 

cy.JVPl TTLABTOSt-TO 

er.SVPt TYULRTQDT-Ta 

rb.UVPl T7XABTQST - TQ • 

CT.4VPL TT1AKTQ8T-T0< 

ey.CVPt mJJtT0S1-T0 

rh.SL TTLAAtOST-TO- 

rb. I3VP1 TTUUtTOIT-TO. 

rh. UVPl TTLAKTOn- TO- 

rb.JSVPl TTUUtTg«T-TO< 

rh.nvpi ttxjletqst - to ■ 

rb.KVPl TTXAATQ3T-TC- 



■10M< 

• - sTRai^rsoJu»imuio3ijnnjfGPCTEacHi^Ajiic3n. • 

— STUi^i^ACpnmAtastsaijcacrafiOBuxjnosn- - 
stuu) FT0*CFtmuJti3«jnnjGPCT fcooccLsxiaxtFn- ■ 

■ - — STEaXQ FVOACPtmULZOaaJOfLVGa'CTKOaaXAAJUIFB- - 

BTWuireoAopHTituQaKnrbPepcraooBLAKxxnsa. • 

' - TCOTQTIAP fOAOPBBaUkBQABJnrwaPCT tQQa.VBTTTOQU • . 

■ -TWTOTlAr BOAaP8SM*SQAAfnrV*ayCTK0QKV8TTTU0n. . 

■ - - QTOonxy gvACPaamvocajtt hop bt aoQgga TTVTQ a - • 



|^^^^*TtlATTTHLBaMHi.vCTcvMixTgrigixaaTrTaBaTLiPta[T- -oATa-rrTU-BTXjrrnBsia»Ta*VATSBTQivo 
■iMtorAirroA f»,» 1 a ja3iyflxgajovAMAjtacBDiaayi^ -cats- rriu-BTLMraanxarrsTVATaxra xva 

MrfAw^A WTttA TTTBI iMtMfflLyHrOYMttTaatCDAXJ^TTBBCVLiyCKT » •CJULEI - ITTU - ■VLKraXAaXBiTWV ATBSTO XV8 
1M AM/AlffOATITglJngBaX Vg>CV AMargXSPiaiTFPS B OTI, lyd T - -GAA&- t^TTU -arVUITBXnXBTTVFVATaXTtTTVa 
jAirrttATyyHLOTBSSXVTffOVMIAT'EICPaaArX^MOTLiyCfT - -QAAB- ETTU -BVXJRTZZnXBFTVVVATCaTOTVS 
BHggf AlfTQ ATa ym, JBTB H Bl.VgPOV AKfcTHK rgaD XFTPaaCTI. IPGX T ♦ -flkTB>IT7U - BVUfTHXXa IRPTHTVATTTTO IVO 
^y?* *??*** * n 1 WBT i V CTCVAaPlT m nniT K I TTWaOTL XPCXT - -GAAB - KTTU - BVLMTS1 H XBPTV7VATXZTCTVS 

■CTaOTA»Ttt AfkboU TOBai .TO»^ A»TB»coaaayfyfl8QVLiFCET- -OAui>xTTu<awxJcxirsasxKprKi^AT*rr07V8 

- - HHSgTAWTQATA W U B tMl Bl iTHPCVAMATPJCDaPOryP IgCYLVySAT- -OAAS > ITTLf - BVUCTSan WTTKFVATSrnjVVfl 

- ww * *"* — ^ * " ™ - •^.rapcv^TBwaxaBQrTOiaovLVPtncT- -caaji- «ttl» -annjcrsinxKTraTVATSsrovvs 

» T8PCV AMATP DOajQf W9 tBCTt VPCTT * -ITTU - VYUrTBIAl tKTTffTVJkTTrTCTWS 

■TOTCV AJCfcTHXgDgDQyU UtCVL VTCXT - -CAAB-aTTU-tnaaCTBtUXXTTiraVATnrOVVS 

"2^1in^ m ^ T,0 ^^ Ta ^^9 mlSSnVrar ' -^^-■'"^-BVUriBXMIATTOTVATSITCVVfl 
■ J ^j7T^°* TKT ! " ' W 1WfBI ,, " qV * ,ttT, "' O * O0 * r * X,aTI ' VrqKT ' -°»*»*«TX««-OVLKrB«M WTTTTrVATlBTOWB 

SfS^I?tZ5IS , S!SJ*IS2 w i5*S5S5S' WI1WTlVFC,tT * -«^-«rT«-aTaiiTatnixTTTri^ATMTCvvs 
"^'"^^^TBTBiJCtjretTT^iptcATaxm^PorrpiBC^ -GAAS-ri^u-svijcrBaxaTJtTTvpvATnTcvvs 



rb. TTLAaT03T-ra BTMLQrHQAapirTKAaoaKtnriJcgcTaocai^TjitnaB KXBnrxtrnixTTrTn,**i™r , ''i Tg^r"p,riBTTTDrT!>orrTigtm.vrnxT cmn rtTLg 

rh «VP1 TTtVaTOT— TO LAT S QAOPB SXABQA&infWOPCY tOQBVSTTTBQII TOBOTAjrTttAJLXJTTJWRJlflIJCff?CV*l>AaBXaDD0fcI , yP8BqTLIFCXQ- -GAGHDGVDTB -QVLXTDZ KI XXATBPVATSKTOAVJk 

hu.3xvPi mjsrTiB- -Gso- - - -Q^Tixr^ACPnaaAVOcaini^flT w^aTTvraa BOTMAirpcjuisifAXJia^uwiKjpwuaa^^ 

bu. J2VF1 TTLDCTia.-CSO- - -OSWTWBVAOPSaittVgOBjrri W8T«»aVflTTWT0a BDWMAJIP«A«8»AIje01MLaWPA^BaaOaW 

bu. J4VP1 TTLORTB- -TPBO- --TTT«BIU«PBQJUWXII>QSR«UCPCnOQBVBXTaADII CTart^T^ ^n,, v^,,,. .. rTQ^T^T TTTTQ -CSBXTHVDI t - '^^TXDX»l&rTVPVATXOTC&VB 

aav2 rtxaan- -tpso- - - rrros ricpbqasaso x ioqs RSvuGPGraooavaxraADzi CTsxTSjrraATKYmj«3KiJ3LVCTCPAjuu: sumn utpobcvl ipsxq^ ^sixrwoxi-raxroanrHiTw 



hu.47VPX 
bu. 13VP1 
hu. Javpi 
bu.2tVPL 
bu.lBVPl 

bu.IOVPX 
hu.aivpi 
bu.21 2_VP1 
bu72lvpi 
bu.HVPl 
ba.4VPl 
bn.JVPl 
bn.xvpx 
bn.3VPl 

bu.asvpi 

bu.lSVPl 

bu. HVP1 
bu.llVPl 

ta.7VPl 
bu.XXVPX 

bo. JVP1 
bu. 10 VP I 



"^Z3SeS^i^t^SJJSSSS^S2[!S^^!JIf* DS >CTBaTSirr<XATKTH^iWBaSLVBPCPAMABBKroBXI^PPQ3CVLIPaXQ- .QBBrrevDIl.KVMI TDK KB IBTTHPVATTOTOava 
--TTTQSRI^PSQAQAaDXKSQSBBVXaPCPCTRfiQSlVanfiADa ^BATSIrTQATKTBLJtORDOLVHPGPfcltt BH1 TC I tXITTPQ3CVtI>gK0. .QBKXTOVDI B-KVTIITOIMIftTTBFVATC0TC8Vfl 

'raxpppoaoviirOTQ- rOaBCTWvDiB-KviitrniMiJiTTTrrvArxQTCsva 



TVLSRTb. .TPBO. — TTTOSBMPI 
TTLSRTH- -TP80- - • 

masTa- -Tpso- — Trataa&Qr»o*a*BOXxaQai 
YYuara- -Tvao- --nTHfiBi>araoAOABOxaxwBjnrbPt 

TTLS RTa - - TP SO - - - TTTJtB RLQ 7B0ACAB0 1 BDQS UBUO 
TTX^BTB--TPSQ---TTTKBaiOrB0AOA8DII2)Q3BjnrLPCP 
TTLSRTH . -TP50- -*TTTlCaBXOFBQJtOASOIKCCSBJCnPGPCTBQ0aV8KTAAD8< 



- - HJB8t8>fTOAT«THlJroKI)SX.VH»CP>MI Wtnrnf>BJttPFPQBgVI.irCKO- -CPBXTHVDI a - KVUI TOBBt iaTTHPVATEOTCSVS 

--■aBO T8irxy > «, > n i . OT B Twi .vapc p fc w i Birtrw>i aBTpT08^xro -DsoxravDia-avxiXToaai xrtthpvat cotcsvb 

MajTglfT B AT BT H I J tO BBS L VHPOP A lf> BRXTB> taiTTPOBCVI.XPgKQ- -DBOX7WD1C • KVJt X TOX U XSTTSPV AT EQT C BV9 
. . Hvwflvffwrt . — — »~%TOPCPAKABHXIBJXXIYPPCflOVt.IPtaO- -DBCZTHVD X 8 - XVM1TDXB8 XftfTWPVATtOTQ SV8 

.vBPCP^BHJuyDirriTPoaovLxrciQ- -oacxiwDia-rnixnauxjxrTapvATtoTcsva 

. — .- XQ . -D8«K,TBVDXB-KV»IT9XSlXRTTWPAATKgTC8VB 

— — - nm .„. —V — -AO- ^T»*ai^«-HV«ITOaxaXJUTBPVATtOTOTVB 

tOBHPPirrA^TTYH^80JP3LVgPCP» M > f tHTP O ffffff FBlCHOTtlf OKQ- -QHtAMOADLB - BVWITD1 XX XBATHPVATXQTCTVfl 



-TPBO TmiaaAQPBOABASOVaDQS SUnrLPOPCTROOavaXT AAD9 

YTLHXT0--T8S0- -*TI<QQ8BJA^BQA09Ta](SbOMUnnfOS*CTB^QRL8XOAaDa< 
TTbCOrrO- -THJO- --^^wai J i->«9*npw»«t^«m.Bm>f T » O fj F )[^ r0 a HT >||. . . . 

TTt SIS" "S B S* ~"W»wwa Ba*i Trm 4»» aa» aitaOTPifT AATaramogpg Lvapc pakasbxpo axxpppicBBn. i pcmlq - -odubcadu - bvmxtiixxbxpatvpvxtxotctvd 

TTU»rr0--TTO0---TWaaXJJSOAOl>TTI»^ IOrC9PPirrAATBTBUICBIXSLVTreaPAXA8EXroXXLPTP1CBOTLIFCI0- -OTSAHXULDLX - HVlOTOXXXiaPTBPVATIOTCTVB 

TTXJfXT^-TMO- --Tl«a»XlJBOAO»T«aatX>»^ ■XZBTPWTlATKTHUEQBI)SLVSPCPAMA8SXODXXKPPPIt30TLXP^Z0— -(mUfflWU-^mni^AIIOTCTV 

TTLHXTO--SHSO- --T^flBi^»a*^Bllll^UCJWX^ClI«^XOAl^ CTaOTPWTA ATBTHI JMat^LVgPCP'n^ff^rrnrrTTMTTfm TrfTTQ -CmtAiCDAOLO - HVXI nil ri inrrrpVArrQ rCYVB 

jiow d B ' ----Boi8aiiwTAAT»nr m . BT i Bm uva»cPB B a BmtnnixMpyaiWT^ - otvaseadu) • wkx rox xx xattvpvatio TCrva 



TTLBXT0--8aS0 TUlftiBLLmMeprMm^trMtTJiiawnfflB) aXQABPa 

TTUIXTQ- -8BSO- --TX^flaM^BOACI^BaSWaB^XJCP^l^oaxaXQAKOg. - - 

ttlhato- -aaxo- ~~Tvoaaumm*nBr nin 4 * r wuep <t g QQu tj t q aana- - 

TYljmfl--SH5O---Tl«SBIJ^S0AGPTBMI^AJUnflJ«PCTK^ 



BX< B3IlTWt A ATXCTHL BCBXiflLVBPOP AKAB Hinnri F F TPAHOTL tPCIO- -OTBAaSADLD-BVkaniUXS^TIfPVATTOTCTVB 
. . tlAAFFyxUt0TLIFCXQ--0T»MmfcDIJ-8VlUTDXXXIBrTBVVJUXU»t < »V8 
iXXKrPVXSaTAXTCXO- - STRiBBAO LS - BVMXTSXS8 XBTTVPVATTQTOTVO 
AATBOTl^BI»LVHPOPAItUEX3»XXXPPP>lBOTLX FCXQ - -OTBABDADLI - BVaiTOXXXIRrnfPVATtOTCJWB 

■ * - , . — ITLinXXQ- -OTPUUTMOLB i BVMXTDX IBIRmrPVATIQTCHVB 

XFSXX- • OTTAfiKAXLO-8V>nTDXXXXBTTRPVATK0YCTV& 



- _ >VSPOPAKA8B3 

AAV1 TTLtfltTQC-TTBO- --TTTJQgBlJJB0ACP08ASL0ABjrirLPCPCrRt>^ttXJCTAat)a HB Bj rFPOTAAaXjrHLaaBPSLVgPCPAltABE] 

.„ T^SSZ"HV •'StSSS' I 'S SS ^St^S^SS'^ISS^IISS' "TOfTWAaarBijroBJMxiajo^^ 

bu . 4 svax TTutaroa- - oso- - - saqbxdluf aa c a PAOxavopxiorxfCPCTaoQA vfixTtrron ajsxnrirTOAflaTBLaoaxai XHPOTAVAapxnoiTrtpppMScviiircxB- « bacab stalo • wbtxtdx we ikatwpv&t kapctv a 




■ BAOaBBTAU) - SVkfX TUX KB I EATVPVAT XX FCTV A 



LOOJBTTAIXSTWI FaaOaABPOTTATTLXGSMUXTBB ttXr Ci yvi l HUA TBVOCOWA 

""'B BKaaa oflovL x fcxq- - oa xxtbvq ib - avm tub bbx btthpvatbqtc sv b 

" " D8«T»IVt>I8-BlMXTIiax»XBTT»PVArXOTCaV8 



AAVCVP1 
hu.44VPL 

bu.lSVPl TTUrBTQB- 
bu.43VPl TTUTXTOJI--QSO- 

A&VSOkp yrfvbth 

hu. 35VP1 TTLBRTVT- - PSO TTT03K3«OFtQAOABOIRDOSIl 

bU.24VPl TTIp8RTB7- - PflO - - - TTTM8BXOFB0AGA80 X 81)08 BJnrT^CBOrxflOBVBKTAAOB- • _ „_ __ a¥tl 

rb. C4VPL TTLBRTOB - - TOO TAtTTOCU'BQACPBXXSAOAABWIiPOPCTaaoSVSTTLSQS HXQSVTAWTOATXTHIJBCRDSL VBPCV A1IATIIXD0 BEUtXTP BBO I LK7CX Q - - OAOXX BVDTB - BVUT8XXX X KTT1TPVATXQ TCW A 

bu.41Vai TTLBBTQa - -TCP TQqTQOI>UFBQACP*JO<B»OAXir>flJCPCt fcQOttVBTTLSQB- 

bu. 3JVF1 TTX^lTQ3--TW.--IAOTQQI.L^Sa^PBBJWAOABinfLP<WCT«OTVBTIl^0P- 
TTU RTOa - - TGO . — TOaTQOUJ S0AaPAJOlSA0**BKLPGP CTXOOaVSTT tso« . 
TTURTRB - ♦ TCP— - TQCrrQQl^eQiGPAjni^QAXSirLPaifClltQQllVaTtl£Q*- 
TthBTTtrt- • PIO- - - rTTQSALQPBOAaiABX BOOS RBWtJCPCnOORVBKTaAOB. 
*TlJTT«--PiO---TTT«a3ItOFSO>CAMIRD03a 

rfU RTHT --FBC--- TTTOOBiOFeOACULBOIRDOB BXWUWCTXQQSVSKTfcAOS. 



ha.fiCVP 
bn.51VP 
ha. 52V? 



■BSKFA»fTOATX3rmjHJR08LVaPOV»KATBia» - 0AOAOaVDT8 - 8 VHX.T 
Kg SJIT» WTUATTTHl^GHDa L VgPCV AMATStiJO IDRT FP B 0 0 XUgCXQ- -OAOXXBVC 

Ba8X<IA »TOATB3fHlJC3XM LVBa^ . OAOAXJHVDTB - 8VKLT8BBBXBTTBTVATXOVOWR 

aaa xarRwtaATa^fBiJoaM LWOVAMATt^^ -oacrcbvdtb- sv*ii.t8xxxxatthpvatxotcvva 

m9wrBwnxrmymjMaMVvw9a9AMkMSBsnmrrpQaavL.z9Gx.Q~ - osbxctwd i b - kvmx tpbbbx bttbsvatbotobvb 



tm.savp 

hu.(4VP 
bn.lOVF 
bu.BLVP 
tm.53VP 
bn.SSVPl 
bu.S4VPL 
rul«r 



i BT8TftqATBjrHu a2aiwx,vB3?4ip» M^ -asiiTKVpj i -rvrrxTTiiixiRTTWvArxorusva 

BMXTTa »ra fc TBytfl. BWBPaL T»FW AItAaB2TO -as xkthvd x b - ■ vxxtsk bbx rttrpvatbq. to sv 8 

P.O---rTT,a^F^OXBX«Ra^PCT«^V^^ 
™Srr"p«S' ""SS^Sl^J^SriS^^^^ BMBTawxaATB^H^mBLVKP^AaABeMrnXX^ 

TTLBXTWT-- PSO- — TTT0 8RI^F8OACA^IRDQSRBTnjO3>CTX^V8CT8APB B3t S W 8 irrOATa3milCRPBLVTgOyAMAflB3n»lX3^ -080ATSVD t I-XVMIT0XKXX&TTBPVATEOTG8V3 

^^9?^^*^ ^^ ^ ^^ I ^AXJ W IJ<2aCTR O ORl.a X 0AB P B CBgFVWTAATBTglJWR08J.TBPCPAK^ fflap XX2tPFPBSOTX>X FCXQ- -OTBAJCDAQLX-SVtCXTXIXBXXKTTirpVRTKQYGTVS 

- BfllUiFP W TA ATBTH U tCBTIfl T iTaaCPR B t B RTTrn X XXPF P HO T l J. FttXQ - - O TK Af tP AO LB ■■ aVM TPXg IRTTB'PVATXOTOTVB 
* *^ A?T^!fTy T^Tm ?^ 1 ^ ™ B L PBX2P MtA BB Xl ro XXatPTPItgOTLJ WOXU - - BTBUlTBBiBLB - WWII TX» M XRTTBPVbT TO TOT V B 



. .4(0.. 



.410.. 



..S10.. 



.520.. 



-530. 



•J50.. 



.sta.. 



.510 510.. 



-5tS. 



• IB 
171 
S7B 
87$ 
513 
SB) 
SI] 
513 
III 
511 
STB 
S7B 
$71 
S7f 
»78 
SB! 
SB) 
BBS 
SI3 
SB) 
SB) 
SB) 
57i 
S7B 
S7C 
SB) 
SB) 
SB) 
SB) 
SB) 
SB) 
SB) 
SB) 
SB) 
SB1 
SB) 
SI3 
SB) 
S01 
SB2 
382 
SB2 
5B2 
382 
57) 
S73 
S73 
57) 
57) 
S7) 
57) 
380 
S7€ 
S74 
374 
3 80 
SSI 

sai 

381 

sai 

381 
580 

5 BO 



3 BO 
3 80 

5 B0 
SBO 



580 
580 

sao 

580 



560 
SBO 
SBO 
580 
SBO 
SBO 
SB1 

sai 
sax 
sai 

SBl 

sai 
sai 

570 

sao 

580 
58) 
SBl 
SB) 
38) 
SB) 
58) 
580 
SBO 
SBO 

sao 

57 9 
880 

sao 

SBO 

sao 

310 
S78 
571 
S7f 



.,7 

• -1 



Pig 2D 



. It . ■ • 



JUV4VP1 CGDQSaBnPTVMlTAI^VPCXWO^ITT^ 



7X» 

tmrvntaun nt 
ta.iTvpi wwx«»AAPivG A v H s>u I ^/woiair/Ti^ 



h». 40vfx DBigqTgTCTivi^v w aqc*£jqpr»pmmTrLQCTiitMigm ~ Hint LIT— 

rh. SXVP1 Ptf^QQXff&FCVCAVHSQC4XjffOiyi4QlttDy7fX^CP nti.r fpffTTT^irwrpflpT jffyrrrrr "" pB f) ff Ty1PT T" r PftPPfTft WTQILKXinF 1 1U 1L II U U U 1J I l lffMpSxCJCiniyirPHI UJ IttMl l ^^ IJV ^j^ u^iTIlu ■ L . ZTjTl[ 

rh.41VPl n 1 Q<X X ^APr^VH S Oa*l Ja ^ 

rb. 51V71 ngLOOQiflAP ryCAVHSOCAl-PQCypSagyrL«jnfA« rgHTt>CirgTT»BgUtggT<rT^»TPOlMlTt Ty«»T*»TTn»t\n«^»»«»«<»»T »— » w ■ i»»».. M » miy.H if W1 gi H |, 



rb. S7V7X c^ooorrAPrrcAVHsooxpor^ 

rb.civpi Mn *g^^ Iw ^^g 1LL gg'g^»g^O B ' «u»- XJ Bji> Giuw «TLiMBxmB3gppov^^ ragvwii i 



hu.l4AAV)VPl 



ch . SVP 1 rraOgQWT^VBTCBVDgQCIIJC*yWOpag V TI>OCFIWAK^>gTOCgOTBFIJOCrCIJtaP>>q ILI^in^XMTATTrTPCJ^WrXT^OT^ffVTIII^^^SLRWIl QT^ff^TOviyTVDll^aipMI^^ 
». X4VP1 TlMMW^TAOVBTOCVl^amiOW^ 

bu.iBvpi «MoinuTinMnBmiai«^^ 

xpaFUBMrst^rr icxiftKBrrvrAMvarrpsAJUcnfl fxtqt BTogvsvi i ewslqx e 

IFBFLVCCFCliHPPPCIL IXVTFVPABPflTTrSAAXrXSriTQySTaOVSVBXraLQXE 
VSFFWCTUJCHPFFQXLXUTPVPAnSTTra^guVUFITOVSTOOVSVIXniKX^QXS: 
IFiPUCCCFGlJCHI'P FQ Xi IXBTPVP ASPflTTTBJLUPU F ITOTSTCQVSVt UMELQU 
2PSFIitaeFQXJCaVFKXLIzaTPVFJUn8TTrSJUUCFA8riT0r«TaQVSVIXIMIL0U; 

3vnu raciviJ^pFQxx.unpvPAnsTTVSMuvuFXTr^rraovmxn(sx 4 ou 

BPB 1 UCQOf GIjKBPP FQ XL tUTPVPAffVBTTF8JLUCFVBFIT<0TSTG0VSVItrKSL>QKE 
——-«•■-— • «»»» w « jM»wggF8JXJI0^y^IiKBPF>flXMtKMTPVFAWyPPIF>B>Ky>BFXTOl f tT0QV8V8ItWKIjCIK 




hw. XOVPX 



7)4 



71f 
711 

til 



rb.UVPX DSW«UPIv«VH£0<Ul^SXB^mxiP^^ ■-- 

rb.xvpx PBiWTg*PnrgwTOOCMJCify»OCTX>y^ "« 
ha.4jvpi osiOOTVTWiTOvraQCjajxar^^ "« 

DlXOn WiUTVVBPlVlrrCGTTBXF&VXGrUT 7X4 
»H OIX UiM 1 E0 TU VDFXVK1IOTT5 IPEFI OT«n. 7)4 

7X7 
7X7 
7X7 
7X4 
7J4 

- - 734 



— — ? g ^ ,OVI 4*j , *? w ^ WT * , 1B ^" M » r ^ ¥ *^ l wau " » ^ - )4 

732 

. . - - 7J4) 

kVDSOGVTBl.PaPXOTP.YL 733 



7X3 
444 
7)3 
73X 



rh.Jiwi Bffl^irT»pivc*v«g><^ij*afv^ia^^ .:: 

AAvivpio^ihABk Pffl^ooBTAPoxorvMBQCAiJocy^mrrvTi^ 
cy xvpl cai^^AAOTtr^niyui^^HHirm^ 
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iCai OCTW OfcCJJl COCOT ACCTCAAgTAI 
iCAOCOQAOtACAAOOCXyrACCTCAAOrTAI 

lacmccMCAocicjuraccroa^ 

CAAJ QCC t A5il fSSlj!S^ ^ 



ha. 2 9 -VP jaOTACCrCOCACCCTTCAAC00A< 
ho.3-VPl AAGTACCTCOGACCCTTCAACOGACTCOACAACt 
ha. 31- VP 
hu.33-VP 

ha.3«-VP AACTACCTCOCACCCTTCAACOOACTtXaCAACOGA^ 

ha. 35- VP AACT, — - 

ha. 37- VP AAOTACCTCOCACCCTTCAACOCACT* 
ha. 39- VP AAOTACCreCCACeCTTCAACOOXCTCGACAAOO^ 
ba.4-VPl AAOTACCTCOOACCCTTCAAOlCACTCDAnL^^ 



ha. 40- VP AACTACCWraACCCTTCAACOOACTI 
ha.41-VP AACTACCTCOGACCCTTCAACGOAI 
ha. 4 2- VP JUUTTACCTeOOACCCTTCAACOOAl 
ha. 4 3- VP 




rQCtWCCCTCnA0X^Cq*CaAfc0OCThCSIlUX^3O 

xxictAJCtx-TcaAOCA cq fcCAAAOCC T ACttfccaa^^ 



XMC CCT a aAQCA C nACAAOOCC T A Ca A C CAOCAO C TCAAA gCO^ _ _ 

— JO OC CCTC Q AOCACnA r * I tMCCT A CP A C C>0CA0 CT CAAA CO0fl 0T Q AgkhTOPOTAPCennagTAT tr«MV^n»fVi ran»CT T^ 

ha . 4 4 - vp AA<rniCCTCooACCcrn^cqo*CTOO»autf2oqAa^ * — ___ J ":^^-r^* , ^^ LW - v * tw:ui * M ' * » 

ha . 4 5- VP AAOTACCTCOQACCCTTCAACGGLACT 

ha. 4 6- VP AACTACCTCaOACCCrrCAACaSACr: 
ba.47-VP AACTA CCTCC CACCCTTCAACCgACI 

ha. 4 8- VP AAgTATCTCaiACCCTTCAACOGAC-rC^CAACg^ M0CC «UagJ« aMBC24» ieaUUU*C0» _ 

ha . 4 9 - VP *^gTACCTCOTACXXTTC*ACqgACTOTACAAC«^aAOCCOOTC^ 
ha. SI-VP AACTACreOXlACCCTTCAACOmCIXXlACAAOO»CAOgCOaTCAA^ 

hn . S2- VP JUCCTllCCTCCaACCCTrCA»CCg^^ ™ ■ — .^"^^ V !^" T ^ AUU ^ W ^ BCW ^ 

ha.S3-VP AAOrACCTCOOACCCTTCAAOSaACroaACAAOOt 
ha. 54 -VP AACTACCTCGOACCCTTCAACOaiCl 

ha. 35- vp MWT»OCTcqg*ccciTauicoqACiqaiCM oqa»aAcccqgrcAAcq»ogCAOAO 



tt OCA Cta eAAoooeiAccAcxMocADCTcoacAoe ta aA O A^ 



ha.S€-vp M>gTtiecTCfloacccncA*co2aAcr aiAC3 U tf ^^ 

tso. 57 -VP AACTACCTCOQACCCTTCAACgOACTCO > CAAOOQAQAQCOqQTCAACqAOQCAOAt 

ha. SO- VP AAOTA CCTCO QACC CTTC AJteOQAeT< _ 

ha.t-vpi AACTACCTtxaacccrrc*AC0CACTcaAC^ o «2OQAQCT^xm^^ 

ha.OO.VP /JtCTACCTOWACCCTTCAACOtl*^ 

rTACQAeCI10CAOCtCQ^AOgOO»q»CAAOCCCrrj 



rAcahaaoncAacicahCAoxxnau2ACJuu3ccOT 

ttOCrACC*COCaCAQCTCTACA0XX3QAaACAAOP^ 



ha.«l-VP AAOTACCTCOOACCCTTCAACI 



ha . 63 - VP AAqTA CCTTt MACC CTTC AACTOACTCOACAACOQAaAOOCOQTCAACQAOOCAQACQOC O 

ha.7-VPl AAgTACCrCCQACCCTTCAACCQACTymr*>ftfya^^ 

ha . S - VP1 AAOTXCCTCQQACCCTCCAACCa*CTXq»CAAA{XlfcaAOW30^^ 

p 1 . 2 . VP 1 AAOIACCTCOQACCCTT^COGACTCaACAACO 

Pi « »-VPl AArae^OTAgXTT^CQ^Ctq^^ ^-r^^^^ryyrvCT^T^^TO ^ fto^^^^^ 

QCqoC ^TCa^OC*CaOCXA<»X!CTA , x 

■OCO0COCTCgAQCaCCACAA0OCCTAr0»fX^re>r^^ 

iQCOOTCAActiAOacAgAcqcgreaoccgrcaAccjtgai^ 

^CQAOCAOXaOCTCAAAOCTborttA^TO 

;coeui A . o n i xtt orA™»rfc»rxrgrA CT^ 

Alu.wi ACCTCAAOTACAACCACOCCSACQCCCAOm 



rh.l-VPl AAGTACCTCCCACCCTTCAACOOAl 
rh.lO-VP 

rh.ia-VP AAOTACCTCOOACCCrrCAACOOAl 
ro.l3-V? AAOTACCTCOGACCCTTCAACCOA< 
r&.14-VT AAOTJ 

rh. lt-VP AAOTACCTCaOACCCTTCAACOGACTI 
rh . 17 -VP AAOTACCTCOOACCCTTCAACC0AI 
rh.lt- VP AAOTAI 

rh.lt -VP AAOTACCTCOOACCCTTCAACOOAt 
rh.l-VPl AAOTACCTCOOACCCTTCAACOOAI 
rh.21.V7 AAOTACCTCaQACCCTTCAAOOOAl 
rh.22-VP AACTACCTCOOACCCTTCAACOQAf 
rb.33-VP AACTACCTCaOACCCTTCAACOSAI 
rh.34-V7 AAOTACCTCOQACCCTTCAAOOQACTCCACAAGl 
ro.!5-vp AAOTACCTCQSACCCTTCAAOBQACTCQAi 



ucaa otcc t >i CT j>cc* o caoctcaaao co ox7tqac^ 

T An i> C^OC AOCTCAAAOCOQgrOACAJiT 



. • ACCACCA(7CACCTCAAACCOOOT11ACAATeCOT^ 

,™ . _ .OCqOCCCnXXlAflCACaACAAOQCCTACtlACCA^ 

rh . 32 . VP AACTACereqOACTCTTCAACO^CTt^^ 

^*«TC0«2ACCeiT^C^CTCO^ 
rh.l4-VP CJV^ACreOOA CCCrrC AACCXlACTCCACAACqOW^^ 

rh ' 4 3 - VP AJ^ACcT^A ^yT^ C^CT^ 

rh.48-VP AAOTAC^TCOOACCCTTCAACCQACTCQACAAOOCOQAO CCCOTCAAOOCroCroACOCAOX3XXXCT 
rhi»l-VP J^ACCTCOOACCCrrCA^ 

rb.SJ-VP AAOTA CCTCQq ACCCTTCAACOWCT C yCAAOWW^ 
rh.54-V7 AAOT-AOCTCCgtACCCTr<^CCaACTCT*r^ 

r ^ ""X! AAOT * C f re ° a X Ct '^ 1 l ^ c ^ CT ^ ^ 0QOqa *O«=P°^*^^ t <.aAOCACaACAAqOCCTACQ*CCAOCACCI^fcOCCOOXrrQACA^ 

rh-SB-VP AAOTACCTt^70ACCCTTCAACOaACTX^»CAAQOOOqAOCCCg^^ 

rh.S»-VP AAOTACCTC0QA CCCTIX^ CC0ACT TO A<^0»0O0A0gCa2TCAA 

rh.CO'VP AACrA CCTCO«2ACCCTT<^ CO^ CT CO A C AA O OCQ0A O CeC^^ 

rh.il- VP AAOTACCTC0BACCC I rC A AOOC A CTO Q AC AA OCTWO AOC OCOTCAACOOP^ 

rh-43-VP AAgTACCTCQgAeCCT7XAACOafcCTO^CAAOW 

rh.64-V7 AAOTACCTCOm^vi *\AACO^MC TO A C AA i MOdUAOX<XOTe^ ^ 

LOCACaACAAAO^CTACQACCAOCAOCTr AAAOCtPtrrOACAATOCOT AOCTOCOgTA T AA rCACOCCgAOOCCQAOTTT 
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FIG. 3B 



AAVl-VPl CAOOAOCqTCTOCAAaAAGATACOTt 
AAVl-VPl CAGgAOCOCCTTAAAOAABATl 
AAVJ-VP1 CACa Wi r et I CaAQAACATJ 

aav] a- w cjuaauscoTci rmmuuiM3 

AAV4-VP1 < 



T T OQ gqO^ C CTCOOOCOAOCA OTCTTC CA^ . . 

TOACGAQCAi 

tATCCrrOAOCCTCTTOOT 
CMMC MTCT T CCA C OrT MH > KflAOaArCCTrQAOCCICT t uu » . . 
aCA 0 »0aW T CTIC CA OOCCMUUUUU 0v»JllC ft U AA C CtC llOOI »- 
AAV5-VP1 ft^<ttifigt caf tn igmrtPi > frTTg niMnnuif CT riwii^ rr *«n r^ftgAA*J>0'iOIIVl - L l J JUt C Cr iTlUC lC' 

aavi-vpi c*oo»j3cqtct ocaaojuu» ta cotciti BaxagCMe CT O BB oc o fco a i neTic e Mo e cK M ajM — 

AAV7-VP1 CAOgA OCq TC W i,i rt AAO>TAC V K U rTT QC OO OC AA C ^ ^ 
JLAV| -vpl CAC C A OC O TCTCC AAaAACAT~ 

to.i-vpi c j>o taon ?T CTOc jua*«aTA CCTC i 1 1 regao8C**CTTOOgAca>oc*OTcrTOT 

bt>.3-VPl CACQA QCq7tHX2 C AACAA C* TA Ctri CT t UftUAAiO Ut Ct^^ 

cb.5-vpi CAOCAOCCTCTTt >*r;»»n» Ti nin i f <i<jii«rAJL i^ sMJU<iA^»fT fn>^ i^>9«ypf»^^ | ^^^y t [yy^ > ^ T ^j >0 p C I ^|| t j [TT 
cy.a-VPl CaCCA WflF T ttOtfA A C AA a ATACOTC ATTT CO On g rMr CT 

ey.3-vpi CAOOA OCOTCTT C AA QA A qV rA lXIICl 1 1 lU UU O PT M rr T ™»»"r"^f?rM> " P T* 'TT? n ML I i AACCTFTTOOT 

cy . 4 -vpi rfffffaf7n7 i TTr i '"nftT i ft , Ff>T i i 'i j iT 1 1 1 ii Hwr mnf i r TU'7iniift , nr>u"_ t i t. " Mra rCftAmv*wwwi i v i iu aacct mwt it-- 
cy.s-m CAgQAOCgTC7T ci A fi A* riA TAC o rcT Tn < io^ 



ey.i-vpi c» o a >accn nrt CMC JM ua T* coTci 1 1 1 
ta.i-m CACOA uccc cTT A AA C AAOATA Cu i cr i i r 

tm.lO-V? CH UUftUL ' UItHA JUL O AA g fcTACQTCrTI T 

ba.n-vp c*ocmacgrcrTAJULCAAafcTi 

Sra.l3-VP CAgOAgCgCCTTAAAOAAOATAI 
ha.l4-AA 
ba.15.VP 

ha.lC'VP CACCA UCUL1. TT A JLAO AA O A T ACCTCT 
tin. 17 -VP 

hn.ll-VP CAflQ AOC O TCggAAAflAAnA ' 



" » CC AOC AOTCTTC CAO OC<a AAAAA O » UUUllCllU AACCTCrOCOC« 
~ " " ' ICCTCTOOOC- 

OTTCrTOAACCTCTOOOC- 
CTtCTTOA A C C rCTTC OT- 




ww o c ^ c crec aAoaAoa u7tcrrcc AooccAAAAA» 
xk»ooccaacc tw 

ha. 2 9- VP PAQCAQgQTCTTtltfUUtriATACCTCrT rTCQqOOClJtCCTCCOACCa^OtAinCTTOaLCIgCfcM » »«*™™«-~-—»7. MTTTTtTTOT: - 
bs.l-Vfl CAQgA OCOCCTTA AAg AA O ATACC I C 1 1 1 IW I O OOCAA CC TCCaA '^'^V'' T-».«^-^n» r ^ ftft^ ^ TTTTTTI i flAt T T L T IJOCT. '- 

bn.20*VP finra m t* Ti n.i QOOOaCAa CCTCOCA COAaCAOT I ' V ^' ft l r^^MftftftfflT^ft ^^T M VrTTrTy " ??- 

ba.21-vp fAQCiaccrH^iiJinAflrciTiCCTcrTrraiLTra^ 

ha . 31- VP CAOCA flCOCC TTAAACOAgATA CCTC T 1 1 IV UIiUUC AA CCTC Cflll Ofl A ITC A fl tCmX AOO C r *****ft J Tft'75Tft TT1" I I ' llAPCT*PTCTtTTTC 

tm.aj-v? oocAOwrcirAAAC A AOATAc aici 1 1 lUXMUu cAA Cc r ccfl a m b or i cicuuL ACoc c AAi^ 

ba . J 4 - VT> laOOA OCP CCT g A AAgJBO A TM ~ 

to! 37 -VP CACCAgCOTCTTAAA^^ |u|AQA]SASCTTOAAroTCTOcS 
ba.2B.V9 CAGaAOCOCCTTAAACAAgATACOTCT 1 — 

tm.29-VP CMBAO COCCI tA AACAAOATJ 
tru. 3 -Wl CAOaAOCUtXTrAAAGAAgATJ 
btt.31-VP CAOCAOCCWCTCJUUUlMUUTACqTCrrrT^ 
hn. 33 -VP rittaaw f rmfluai Tiwwp w nr. n nian i L *f<^ ^o^ f^/yft^ T«"r^'«v'| l Qffp r>> f ll «>> | f | 7 f ti i ) <L n p / ft^fg lf nOOr - 
hn.24.VP &iqmLacoeCTTJuuLgAA&».TA « rreCTrT ^^ ' ^ ^^^ ^ fth MhCThTTfffr TfcgTTtlAACCTCTOOOC 

ha. 35- VP fi<nnf flf rT T iiifliiiU Ti<Ywr H fM ft^ M^r r r.in ^ mW w r< TM ^^ 



tra.37-VP rjQR^af CTn-i r»i-»»f»»»n> TA rMi i - i i i i uujjg g-i» n j ^■Hinfft 5 IT ft5 7 *'^rreA5?17 rCft AflAA ^'WUF l tTOOAA C P H- ' H. l| Qt7 r 
bo. 39- VP r*nnfcnre »rT W>BniAn> TA t QTt > niiai^^f^afy f^ gr^Tquqf t4'i''nfy7 r ^"flfft < " ^ ^" «<* , ™^^ari'^r Ti' " '**- 

ho. 4 -VP I eAOCAOCqCClTAAACAAQATAOOTCT r r TiUfTOMrt A«^y«nAnmnrt<rrr-T-t^>nr»-rr^ ^ APfrnA^TflTTITTlflJLACCTTTrcrcTOC - 
bo. 40- vi> rMTni>fn*mTTnrnrnnni>T>r oTri i i i n ri7rrrr»ArrTrnn nm» rir»m T TTr r >n<A r » n> A HMim n u imj m i i n mini 
ha . 41- VP CAQOAOCUTCTACAAflAAgATACCT'CTI I l fJfWMT i a e p ry nnnf^iy i f" r-TT»y 

on. 43 -VP CAaCAgCOTXT reA ACAAOATA COTC T 1 1 ItA AiUUa JtCCTCOOOCCAOCAO ICI I CVA OOCrAA B Uft g C OT q I K ' l lU AACCTCTCOCT- 
ho. 43- vp CaqqaocotctocaaqaaQatacq ci. ill it j i Jiir»r » A rT- r nnnnminrin Tr i i n ;' *«x* Cim<in AffP OT<TTTCTPUAACCTCT OTOT - 
ho. 44- VP c«araQr occTT >>jt n *» ft A TA n n c TrT ina oa^ 

ha. 4 S- VP eAOtt> Q ea»! Lt? p» >A>n>An> TA t oit 1 1 i uitiLiim r»>f y T^^m 1 ^^ ftfl T f. n v Tpflf ^ ftftftnp ^ n ^ ^ 
bo.4«-VP CAOCAOCOCCT tA AAOAA g AtAi 
bo. 47. VP CAQgAQCGCCTTAAAGAA&ATAi 
htl.4B-VP CAQOAOCOTCTOCAAGAAgATJ 
htt.49-VP CACQAOCOCCTTAAAaAAQATAt 
hu.Sl-VP CAaaxgcacCTTAAAOAAOATA* 
ha, 52- VP CA42gAQCOCCTTAAAOAAgATA< 
bra. 53 -VP C*Oaiiac0TCrTAAAQAA0ATA< 

ho. 54 .VP CAOOAOCaTCrTAAAOAAaATJ 

ho. 55* VP CAOtt*reaTCTri>i n* fc ft iTACCTCTTTTaa oflarAA/^ ^ ! iij»ffrrTf7Tme 

htt.St-VP CAOCAOCOCCTTAAAOAAOATAOgT CTTT T BOg gOCMMCClXOOACBA* 

bu.57-VP CAOQAOCOCCTTAAAOAA6ATA4 

hu .SB-VP CACOACOOCCTTAAACAAaATACOT CTI I ' TO O OQQCAACCTCOOACOAt 
hu.C-VPl CATOgCqTCTOCAAOJUlCATACCrreTTTTOOOW f rC C»OBC CAAaAAaCOO gg»CieOAAeCTCTCOar- 

h U '«3 vp catoxSot ^T taa^gaa^ta ^Uiu^^ 

hu.S4-VP CAOOAOCCTCTrAAAQAAQATACOTCT 1 1 ltA KW 0 CAA C CTX^ftCm0 C AOTCTT<?ejbC2gC Q lUA ACCtCTO0OC> 
Au.CC-VP i>inmnr aTPTH Piinnni Ti i im-i i ' i m i mw ^TH^^ff . ^ [ f , 1 M BTW ^ ftftnftftfTT y 1< ^ TTTT ^ >>< ^ sn ^ CT _ 
Ira. 67 -VP riminw w wiimi iuw mii' w i i ryiiiinrii^^ irrf < 7qr n ^^^ ft7 T * w * w T*T ^ hft fr rnTi yff - 

hu.7-VT»l CJUSCAOCgrCTTAAAaAAQATAOJlCl 1 1 lUUUlAAlftACtrTCOOACaAqCAl 

&U.9-VP1 CACaAOCOTCT T AAA C AA O ATA CaiC 1 1 1 rCOaOQCAAOCTCOCAOBAOCAl 




PBOCAA4CTOOQAC q AaCA OTCrTO CA OOCQAAJUUU2A QWl TCI m AACCTCTOOOC- 
IQflAOBAOCA OTCTT CCAOOCCttAJUUUlA CqOTTC T rO AACCTCTgCqC- 
X«lACaAOCA < 7TCTTC CA 00 C QAAAAAOA Q UU 1 ICI lU AA CCTCTOOOC - 
daOTTCTTOAACCTCTOOQC'- 



rrAcrcaAOCcrcTOoar- - - 



pi. 1- VP l CAAgAOCqrCTBCJUt Q AAQATAC g ICCf TT M JUg QCAA C CrCCOCCaAJ 

pi .2 -VP 1 f^fl^«vmwt»n^^B »t w^^w^ff ? m^^^ ^ f(W l^ ro > (ff ^( m TTl 
pi. 3 -VP 1 f ftftflf l ftT ffl l T T Q ''»M1M'7 RTft gtf lf f t I I ' JJ I -T C fc fV r '' .tH! > U 
rb.l-VPl CA CC AQ C OTCTOCAAQAAqATA LU 1 CI i I ltAAjUU CAA4CTCCOO CO AOCAI 
rh.lO-VP CJCaA OCTTCTBC A Aa A ACA TJ ^OT CTTW 

rb.l2-VP CACgAOCCTCTTCAACAAOAT ACQ 1*C W Tlta aQ C M CAACCT COOuaU OCAgTCrrocauaO CT I ICI CU AACCrCTCOCT- 

rh . 13 - VP CACafcqC QTCTT C A J>Q >Aa>TA C gi C rT ll OUJ Q0CAACCrC Off^ff l ^O rft<7T f * I I ^ BfW7f^ ft a i7 ftft f7ro qtmTrrTOAACrTTTTBOr- 
rb.l4-VP CAiaOACC OrCTTCA AaAACATA LUlLllllU B q CIO C AA C CTCOOa^ 

r h'l7"vp ^SSS iylT^ Sj^^t S ^ " ! rCM VAATTTCTCatTT 
rh.lB-VP C^CaAOCCTI^nrCAAOAACUTAOTTCTTTrtjaO^^ 

tb.H-VT CAQQAOCOTC I TTBftfSft ft <l>T m_1J 11_ 11 1 imjm ?OOIAPCT<70<7f? CTl MTrn m K. \ I Wm PTTTAI>CAAtK*^ }uiJt n-my-- ft^ J j !wlA.l^lv»m - 
rb.2-VPl CACQAOCO r CtC C AAflAAQATAOO TCT i l l i3 «ia MaAeeTgognpnxQPAffrr 1 1 ^ '^yB7TTA^OAAOCT<WTTCTCTA>CCTCTCOOT- 
rh.21-VP CACtttCCCTCITCAACAACtTA CQ I C tTr UiUCK Maut C CTtX>CC43QA«aLgTCTTCCAO 
rh.22-VP CAflg AOeO T C I T CA AOAGATACOTCr 
rh.23-VP CAOOACCOTCI rCAAOAAOATAI 
rb.24-VP CJUMfcCCOTCrrCJUfcQAAGATAa 
rh.2S-VP CAaOAOCGTCTGCAAQAAGlTAa 
rb .32- VT CA0aAOCaTCT0CAAOAA(2ATAa 



^CTOOCOCt2AOCAaTCrnXJU20CCA^ 



rb.35-VP CAOgxOCOTCTOCfcAOAAQATAOOrCATTTOOOOOCAACCTCOOg CX MOCA O 1C U UCA COC C AA fl AAOC OUU 1 1 L1CU JLACCTCTC0OT . 

rh.3«-VP CAOQAOCOTCTt y*^ > n i T Aoem^ f tT iiii i wii' >me rTr ^^ 
rh.37.VP CAOCU0COCCTaCAAOAACkTAa2TXATTTOaOO<«auUXTC0O^ 

rb.ia-VP CAOgA OCqrCTAC AAOAACATA tAJ 1 C 1 II lU OCO OCAJ LC CTCO O CC a AOt^yTCTTCqiOOC C AACU^ I i L I CQAJtCCTC 1 0001 . 

rb.40.VP CAflOAOCOTCrCCAAOAACATA OgTCTTTTOQO OO C AA C CTCOOOCgAOCAOTC fT CTCtt MCCTCTCOBT ■ 

rt. 43 .vp CfcOQA Ocqrc Tqautf>iUMaTAoc mTTT7A 20C^ 1 1 c ma ACCTrrcoorr 

rb.40-VP CACGA OCOrCTt JCAAOAACATAOgTC TTTTO gOOOCAACCTOOQCCCAO 

rt.49-VP CAOaAOCOTCTOCAl^^ lU TCOAACCTCTCOOT' 
rb!si-V» ' " **** ' ** *^* w <»*ik»wJwu. l .u*A l : 1 .Ki Ll Mr. 

rb.S2.VP 
rb.S3.VP 

rh.54-Vf CASOAOO 
rh.SS-VP CAOOJ 

rh.57-VJ CAOQAOCGTCrOCAAOAAGAI 
rb.S8-VP CAOOAUm IVl » A MCAAOATACCTCT 
rb.S9.VP 
rb.«0-VP 
rb.«l-vp 
rb.62J.VP 

rb.C4-VP CAOQA OC CICI Or H W*> n >tA UJlt. 1 1 1 iU OOOOCAA C CTCOl 
rb.B.VPl CAflQAO C CPfCTQC A AQAABATACOTCT^ 
rul«r 310 320 330, 




COOOTrCTCOAACCTCTCqOT 
TTCTCOAACCTCTOnOT' 




^^^^^ ^ ^ aOCOCT AA42ACq 04V T IX 'T UU AAAOAA^ 447 

CT0XJITOA fl QA*OCA12CTJ^AACOOCTCarr aQ > 447 

CTWW Q Aaa lAOeAOCTAAAAgqOCrOeTOOA MUtAAflAOQCC I V IA QATCAOTCT 447 

Cioorrub or AJioc q oqTCAcaococic^ ^ m 

*t- iWl l UA A O ACQgrOCT AAflACOOCC OCT ACOOQAAAOCOQATAgACTa CO CTTT 4 1 4 

. CiUUI I U A 0a AA I »7IOCTAAaACt2 0C Tecr "ft» »"» fc *r*m TT^7T^O>CCiUTTCO 447 

> C 10U lT UA flOJUL O gc q CT AAa» COOCTCCT Or i AA OAAQA CACCTOTAgAOPCqTCA 447 

-LlUUH BKlBlMiwu'uknimBr t w IQOAAAOJUtftAOAO CQ gTA QMICCATOl 447 

^*^1«T IM > ■ bTl > fc ^ScCO ^AffltqCCATCA 4 47 

"iwrrwaA* oocecTAJi ibu ^T^ T ^ ^^ ^S ff^TiS^^ I fl * * 7 

» CrOOTTCtt (20 AA OT CQCTAAglXO Qgt C CT^ftBni7^^"^OB1TT ftTfcQAft- ..... 441 

• C TOOCTBA O OAJ W B e CCT AI^^ 441 

- CTU01 IO»<7 nAAOO C^ AAaACOCCTCrT w,> ■ * m ft^n WTHlTTtqUA 441 

"T ^.*. *^ ? ^5 i y" ^ Q ^^ re "? ff fI * M> * »ffb C0OC0OTJlCAaCACTCT 447 

-CTQOTTOAOOAACC 1UH AAOA C OO CTrrTfffla > ftftftMnftQn." ' J 1/ T?SBM7r ft CTCT 447 

» C m UIT fl i (7t»QCCIUl f AAAA C O CC I " 'S ^ W^Ift B^^ A ^ft ^^ flf K < ?^*ft^yTA^lAgC^CT^T 447 

» C tWTTqAaOAMCatJCT AAaACOOCtCCT «47 

- HUm « rOOOOA^Og^gAAAACOOCTCCQOCAAAAAAtlAOOOCOOTAflAOCACrCt 447 
» I fWriOA OOAOC C lUn AAAA C OQCTOC """" fc f > ^Wf i TBfff1ff. > W/ TACaOP*CTtT 447 
-CIOOlltJAOnAAQ^CCTAAOACOOCTCCTOg^ftft^a ftTfttTftt'TTTtTTICJtPrCA'rCA 447 

- ctuo ii q > ora t nee mr r M ULA C oocr mpi w ab ^ ft n m > niTm pit? v t p- n crcT 447 
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ha. 43 -VP CTOCOirCTOOTACXATI 
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hu . 5 1 - VP CTCCOAACTAATACIJATCCCTAC*0aC«TO0C^^ 
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AAYS-VF1 CC^n-CCCgtCCTACAACAACCACCTCrXC^^ 

rh.31 -p*r ccccTOCCCACC t » c ** C AA CC A C CTcr> r^ i < y>>>TCt<cjuir- - -cM7rc*acjuaaaAncA«^A«nT**f'^^ 
hb.a-vpi c^rctT^xccTKC^cxxccAC^^^cc^r^^ 

ch.S-vpi CCCCTT-CCCACCrACAATAATCACCTCTACAAflCAAATCTCC ACa^TOX^OC^COUU^CWU^ 

cr -3 -VFl OCCCTOCCC^CCTACAACAACC^CCTCT^^ . -qAAACTOCA0arAgrACr»* n » r AA C * Ct re 
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ta.lO-V* CCCCTOCCCACCrAOULCAAXCACCT^^ JLOCUATtUflCxacCTCqxA^CJ^ 

ta ll-VP aCCCTOCtXXCCTXC^CAACCACCTCTlCJULCCAJ^rCTCC AOC^Tt^OQAacCTCrU >n«C»>CC*CT 
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hn . 20-VP CCCCTOCOCACCTACAACAA CCATCTXJT* <" AA n CAAATCTCC JUiCCWrC^OCCI^CXXC^OUUr^ 

to».J2-VP CWCCTOCCCACCTACAACAACCATCTOTJUlUaJCAAA lttTigTrrnni tyY^<y^ra»i CAACC AC T *r-f M E ^ yy » rfy ^ rn ra^ TU-U^^^YT^ 
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ta.34-VP OCCCTOreCACCTACJLACJU>CCATCTq^ AOCCMmTOaU3CC«I3CfcACCACJ^^^ 

^ gSSS^t^tSttSttStS^ tS ^tt t lSISS A£XCAATCAGCIAQCCTCAAAC\IACAACCACI A TTTTQCCT ACAOCAU. t-V 1 I WJULr TATTTTgACTTOUUlUUTT^^ 

to. 37- vp ccoCToeccAcc r A C AACAA Cg ATCTOTACAAoauuiTCTcc AoccAQTCTOQAQCCACgA > ma r» » reAct A<-n-r<MfrAr -ro^ * * n-ATTTTriiCTTf^rT^TT^r^^T^ I !. . .T^ TTr 
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6:83 SSSSS^^ 

2:X:S ESS^i^^ 

to.37-VP COCCreCCAfCTACAA^Ct^^ 

to.J»-VP CCCCT(yCCAl^ACAAJ^«L^CTT-r A r^^ j^? 1 , ^tIII^XlIS X ^^!I^gg£E X gT^ ACC * CgT ^ 

to.4-VFl CCCCTOCCCACAXA CAACAA CCACCTCT ACAACCAAA TCTCC .^S^^^^^^ !^'*!!T??^!!^^TT^^ 

to. 40- VP OeCCTOCOCACCTAiaJU^CCACTO 

to. 4 3- VP nr^T^v^^t^^^VXXtX^* |gg "t^TC^TTTO^TO^^ 

hu.«J-VP OCCTTOCCCACCTACJUO-AACCACCT^ 

hU.44-VP ("XriraCCCACCTACAATAJU^ACCTCrACAJUa^ 

to.45-VP COCCTCCCCACCTACJJtCJU^^ "SaATCAOO^ 

hu . 4 4 -VP CCCTTt^CCAC^TACAAT AACCACCTCTACAACX^AATCTCCAI7T - - - OCTTt^UUSBOGOraujc^^ 

to. 47 -VP CCCCTOCCCACCTACAJU^AACCATCTCTACAA^ JU2CCAATCAJ33A<1CCtSaaCQA^^ 

to . 4 B- VP CCCTTtJCCCACCTACAATAA CCACCTCT ACAAOCAAA - - - ACTTC^COr^^J^CC^ 

to. 51 -VP WCTOCCJU^ACAACAACCACCn^ACJUUU^TTTCC AOCCJULTCAO<lAOCCTCnAACt3ACAATCACTAglTTOPCTAgAggA^ 

to . 53 - VP GCCCTaCXXXttlCA*CJ*CCACCTXX*CAC*CklJiTTTCC AOCTJUTCJUXIAOCC-TCCJUICC^ 

to-53-VP CCCCTCCCX^CCTACAACAACCACCTTTACAAOCAAAT^ AOCCAAT^AOaA^SuuScA^^ 

hu . 54 - VP CCCCT«CCACCTA<^CAACCJ,CC^ACAAGCAAATCTCC nyrwrri^.n^ ^'^'^TT^^^-i^C^CTOOO^ 

b».5S-VP OCCCTT^CCACCTACAACAAC^CC^ACAAOC^TCTCC MKCUATO^A^SSaC^^ 

ha.Se-V? OCCCTOTCCACCTA(^CAACCACCTCTACJUC»aAT^ AOCC^TCJ^AOTCjLcC^C^^ 

tm.S7.vP OCCCTWXCACCTAOIACAACCJKCW Artf^^x^^^^t^^ 

hu. SB-VP CCTCTOCCCACCTACAAC^CCATCTOTACAACnAClATTTCC AOCCJULtSuJOaI^^ 

to-S-VPl GCCCTCCCCJUrCTACJUOULO^CTCT 

hn.«0-VP OCCCTOCCCACCTACIUU^CCJUXTCTA«UU3CAAATCTO AOC^TCJUCTAOCCTC^AroAclA^ 

to. 61- VP OO OCr QC CCACCTACAAOACCACCt CTAOA OCAAATCTOC AflnrAAT«»*nn^«v Tnsfth ^ ftrhflfTnCTK) . l t t IUU L \ £ £2 Z?r . T" 1> ^^?IIII^Eg^*Efg*II^ X ?^ Cj ^" ' »^ACCACOTQAC 

to.«-VP QCTCIOCCCACTACllACAACCACCTCTACAAO^ At3CCAATCAOOAOCC10LAAcSiatACa£rACTTTSCTA 

.44 -VP O CTCfO CC?CA CCTA CAACAACCACCTCTA C AOOCAOATTTCC *m***.^mnn*tp'r~ r ~ f i hf t i Y ',T'> r TkrirCh i rTtiCrTTOaCTfi ^. • » .uvw 

hu . 6 6 - VP CCCCTOCCCACCrACAACAACCACCTCTACAMTCAAATAT^ 

SSI^a^^ 

S-!:S} C^CTC^C^A^^^ 

rh.l-VPl QCATTQCCCACTArJU^CJA«^ACAA«rAAATr^ 

rh.lO-VP OOCCTtXCCACCTACAACAACOlCC^ 

r h . L2 - VP (XXCTeCCCJUTCTACAAOUUrCACCTCTACJU^^^ 

rh.U-VP CCXTtTOCtXlACCTACAACAACCACCTCTACAAWlAQATATCA JtCHCJUlAOCOTCRJCTJU^AACUAa^ 

rh . 14 -VP COCCTCCCCJLOTAOU^CXACCTCT *^^T^Qq5^ScAcguiC^ 

rh.lS-VP GOeCT^XCACCTACiU^ejULCCACCrCTACJUU^QATATCA A^^>fl^^^>^T ^?^^ g , itTlLIJ^TigljOC^e 

r ? ""^ gCCCT^CX^AO^CTUCCT^ AOTC^AaCCaOOCTACCAACOACAA^ 

ri>-22-VP QOCCTOCCCACCTACAACAACCACCTCTACAAOCAaATATCA AWriflinmnmyri^^^^^ ^ w , R U UL^ACACCACCCCCTOOQ^ATm 

r * \l " ^^CC^ACAAC^^ACCTCTAC^AO^ 
rh.37-VP OCCCTCCCCJ^CCTACJJtCJaCCJUXri^ 

rh *°' VP OOCCTOCCCACCTACJUU^CCACCrCTACJUUBauUlTATC^ 
rh . 4 5 - VP C^C^^AC^AOUO^CCJLC^TCT 

ri:i;:vJ ScT^Si^^A^A^A^ 
S:ii:S ^S?^^Sa^aS^ 

rh.SJ-VP <^CT«CaUTCTAOUUrAACtyU^TCTACJUU3C^ 

SSS^i^§r^A^^ 
SS^A^S^iS^ 

rt .60- vp aCCCTCKXOLCCCUCJU^CCJWrCTC^ 
rh.«l-VP CCCCMCCtU^AOUUUACCACCTOrAC^^ 

* s « i * « S3 1 ^^^^C^^^CCA CCt^ ACAAiTCAAATCICCAgr- - - CAg7XAOCAgOTAOCACCAAOCAC» >CqTCrACrCCQC2CTACA0CACCCCCIUJaO0TATTTT^^ 

rh 5 vil ^I^s^tS!^S!S^ts^s^^Ig!gg^^sggg*g ^^ 
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ch.S-VPl t mfinfPjP TQT nifurKr wmaiwMtr fritfl^^ ^^^Hp^ ^ I Ia OCQAC 1044 
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to . S 4 - VP ^^^^TCAACAAOUlCTaJCmTTC^^ 
to . 5 S - VP TOCCL^GACTCATCAACAACAACTCCCOArTtX^ 

tm.3 6-VP TOiC>^ax(nXATCXACAACAACTt3<^rrCCCCCCC^ »«» 

to. 5 7- VP TOOCAGAOACTCATrAArAAaUt C TOC^rrCtt^ O^ 1035 

to.5B-VP TCCCAAAGACTCAT^CJUtCAACTCCOOArrCCQGCCCAA^ 1032 

to.fi 4 -VP TOCCAAAGACTCATCAJW^ACAATTOCaaATCCCOOCCCiL^ 1035 

2:!?:!! SSSSSSKS^^ "25 

«^VP1 TGrcAJUOACrCAT^A^ 1044 

to. 9 -VP l «>ctaiAAaACTCATCAACJuuauwrToc«XArrcco*«^^ 1035 



r h . 1 6 - vp t^goiqcoa^tcatcaacaacaacto^ 

rh.l7-VP TC^J^^TCaIIaI^UL^^ 

r 5 " w TCCCMC,a ^^ 



1044 
1021 
1023 
102 1 



r b . 1 6 - VP SSS^^rCAA^A^ 

rh.17.VP I^S^^SllSi^ 1021 

1023 
104 4 
1044 
104 4 
1023 

~ '* " '•" • - • ■ ^- - - ti '.-..■> 'Kar^r »,,*..*-., n^.-ffl ^. y ^ t ^ rrrf .,. . — . • 

rb.24-VP TCCCATCQACTCATaU^CAACAACTCr>3QUlTTCCCOC^^ 10 4 4 

rb.25-VP TC^QC^CTCATCAACAAaULCnKCaATTCCCO^ 10" 
rh * - ^ • ■■■ ZTTlzr^:^"*' «««ra**iiw^.v»Maca » wvM TAACCTTACCAflCACQATTCAQ Q 1 C 1 r r ^ COQAC 



rh . 32- VP T0BOUUbCACTCAT ClvACAACAA g WMtMag rAeBAg p»AA*B«y > T«« .i..i i j .i...r, , ^7"Yv. Tu^TrT _ „ - 

^ "•yi ^^^TOTCAACAACAACTOOOaiTTCCOOCCC^ 1044 
rh *?'™ T^CCtlACI«TCAACAACAACTCaJaAT-rCCCWC^ 



IS! 

rh.B-VPl TQQeAl^CTeATCAACi^CAATtOOOO^TTCCO OW ^ ^ 2 ^ !^^ T ^*SH!P^^£SlZHg^I°I" Xa ^ 1044 
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AAVl -vy l ymcirmtvion ■ * ^, > ' i't' i WKg| g' OUt 'l Pt<y < Orft / V*l>o a Tlf noe<JicJL-i-H-j-Ui..^^.^j . . u. i - * • • 

AAV7.-VP1 TCQCJUJTACCAOCTCCCOIACO 1CC1C 0Q C1TO0C13CATC1A^^ ACCT^ACCWTOOOXCarTCATt^ 

AAV1B-VP TCaOJUnATCAOCTCCOTACOTCCTCOOOTtXJOC^^ *OT«A0CamK»XnjCTC*irCTTT 

AAV 4 -V71 TCgWMTACCkACTrarjPTArOT^^ T V ' ''r ! jf j ! 7^?^ ^^*^T* ^ CTg * g CCTaAAC ** CO0A AOTCAAOCOOTOOOACWTt^tCCTTT 

hu.ii-v* toiciotACCAggc^icoi^^ 

^ s ^» aaJ ^c^^ 

to.is.vp TCoqotmuaagTCgcgAr^^ 

JM.16-VP T^C^OTACCACCTCCCgTAC<?TCCTOQCCTCOCOQCATCAAIW>TOCC ICCCUCMJTnaxS^^ 
hn.17.VP rCCCAAT ACCACCTCCCOT A COt CCI CUiiC I C KgOCACO OOO C 1UL11.1A.I 1 t^tXrTTCCCOOCCMXCCn^TTCJLT^ 

E:i!:S gg^g^Sgggggg^ 

h».2-VPl I^OTACCAOTCCCtfTACUT^^ Wr^OaCOOTAOaACCCTCTTCCTTT 

ba. 20- VP T ^ ca *OTACCAqCTCOOOTACQTOCT^CCCTCOCCOCATCAACOATOCCtCLLUt-'L01 lllSIMXJttlftCTTClTO 

ba. 11 -VP TCOGACTACCAOCTCOTTA aJ 1U 1 L XrU LItjUOCCgATCAACSA I UL L 1 UII^IJCCTtWI^^ 

tax. 24 -vp ro;i^ArcAgng^A<^ i i LVAOCAQAcqTCTTCA 'raCTToccAOi^ ATO^^tgCTgA^^^m^rA«no^ t£5f ? ? ^* 00 * cqcTCTTCCr " 

fan. 17- VP reCGCTATCAICTTCCOTACTTCCrCttCCT^ AOTCAOCCQOTAC^COCTCTCCrTTT 

tUl .31- VP rCCQACTTACCAOCTOCaTTAC U IXJL1 U i^ CCOCCCATtJUUiaAT^^ ^ AOraOOCWTAOOA CCC Te I ICC I 1 i 

ba- 2 > -VP TCCCllCrAf^AigTOCCOTACOlCCIClUCIl^^ i ar r .^uT. , , t t^^?^£X^^t2C^^ AOTCAOCCJUTTAaaACCCTCTTCATTT 

hu.l-VPl 1TCaAOTACCAC2CTOCCtJTA«rrCCCOaOCTCOI>COCA AgTCAJC^^Aa^CCCTCTTCArTT 

bu.il- VP rCAOACTArCAOCTO^AttTIWnXWOC^^ AOI<3l «2CqOTAO0A C O C I C « lCLI n 

hn . j 2 - vp rcACACTATCAOCTcccoTArotra««»ic^TC^^ ccccAOGcccrcciaTccrrtxm^rTT 

tm.34.VP rCCOACTACCACCTCCOJTACOTC^ AnCCAOOCCCtOOCTICaTTCOrCCTTT 

S:"viJ t^SEc^aSS^^ unc******^^ 

f u - , i" w IwaAATAI^awwi,wwtAOOTCCTCOOCTOCOCOCACeAOaaCTOCCT ai;t ^r r «i i «: TTWTff 7 Ar V I TI ir AratTWOC Ci tirigaiPrAgPtTjPirT 

to. 4 2 -VP TC^TACCAOCrOCCGTACCnCCTC^ 

to.45.VP TCCCOaTAXXJLOCTCCCOTACO 1CL I <J^l^J(XOCJlTc£A^i^^ AOCCAAQCCOTGOOACXJTTCATCCrTT 

h J . 5 1 - VP T C<»AOTACCAOCTCCCOTA«rrCCTCOOCTtaQCOCATC^ UJllJLOCJyl2ACtiTCTraM^^ AOTCAfJOCAOTAOOW^JCTCTTCATTT 

hu . 53 -VP TOCCACTACCA<XTCCeOTACXrTCCTCOOCT« ACTCAOOCMTrAXXUCtMrrCTTCATrr 

hu . S3 -VP TajCAOTACCAOCTCCCOTAeOTCCTCOOCTCOOC^ t 10JU30201C<ITC7raTW^^ *™2^^*2S ACOCTCTT ?iII! 

&u . 34 -vp TawAOTACCAOCTCccOTActrrecTcoocTcoococATCAA^^ 'glS*?????^*??* 0 ?? 11 :"^ 1 1 1 

hu - ST - VP TTOaAOTACCAOCTCCCOTACOllt. I WCC ri\*X^T£Al^ra^ *OTOlOOCOOTAOOAC q C I CT ICCI 1 1 

. hu.S8-VP TCOC*<2TACCA(2CTCCCOTACOTCCTOO< 2C TC^ ^ AOTCA08C0gTAOGAC0CT.CH CCTT7, 
HU.4-VP1 TCC GAATACCAOCTCUCQT ALU 111 1 IC^QeAPQt^^^^^ >^^nt ?X ^ wS wR?^^ AflTCACOCAGTAQO ACOCTCTT CATTT 

- « - AQTCA QOCACTAQqACOCT CTT CATTT 

hu . 6 4 - VP rCqaAC7TACCAOClCCCVIACXrrCCTCOGCICG<^0^^ AOTCAOCCACTAOOACOCTCTTCATTT 

rh . lo-vp TcccAATAccAoctcgeorAc tJ iCL i c^t^Tucooux^accg^r^CTC^^ Mtcuacamaauancmmc 

rh.U-VP TCOOAATAjeAOCTCCCOTACOTCCTCQC2CrCTQCOC»CCA<2Q O C7^ ICATCATTCCTCAOTACaDOTACCTf 

lllY-Z - AaTCA^CT^COAC.TTCCTCCTTC 
2 ' Jn"^ Igg^*^? 1 ^^*^'™ 0 "^^^ It.Ct.HAAJQC2ACOTCTTCATtUT^^AT 

rh.24-VP TCOOAAXACaS^i^^pSSSS^^ 

rh-32-VP TCqT03TAT<lAOCTtXCqTACqimTOCACOC^<X2ACAAQAO^^ nv»»»w. 

rh.3J.VP TCtm^AT^^CCC^ACr^TOGAOaCTO^ I^^ SA^^SgiS^g?^^^ - <3AAAATCAQAACCAQACOgACAGAAATQCrrre 

rh . 4 o - vp n TnrfjLorra r rnijiiioiLn lu oci CLULUu LcaLaM£iacc! ^I Vi^ ^^^T^^^T^^^^^. ^^ ^^^^ 7 *^ aotcaaoccotaooccottcctocttc 

hmz : : : : - -----^^^^ 

rt.5l-v» TcwtACCAiCTiccCTteiltCCTeoncrcracccjMaaoBD^^ memcamoau mc me m 

? h \l% ^lil^^l^^^^^^^^^^^^^^^^^^^S^^: ::::::: :iSSSSSSS5S???SgS 

: H a^™«acZT^~ 

r.:"vpT ^^^^a^:S^^^ 
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AAV1-VP1 TACTQCCTCGAATA 

•octan e 1 1 teem rc mttocwctt 



bb.2-VPl TACTCCCTCOAgTAL 1 111A.I I ir CAAA^qcr ninUCrnri CA^ ^ I^ SuSlOCt 



kcrrrectTCT 

cb.S-VM TACTOTCTAjGAOTATTTTCCCI 

cy-2-VPi 



4 , w _ t , n rjjfg™*^ ^ 

cp.4-v»i ia.mLt.mu »grfc CL i tiiiiiiu uaTocffaAcjLAcooocAATJutfr^^ . ■ . r rt ;£££^ A ;?ggr^ 

cy.S-VPl "CTttCCTt^ACTTTCCTTCT^ 



h«.i»-tp T*rTcocrQG*arT*t 1 1 1 ul u 1 1 C ACATocTTooTACc^aAAACAACffTAOcrrofl^TAOuf^rTTCAMifc coi ic^T^ qrelliCTA^^ 

to. 29 -VP TACTCCCTCCAOTACrT TCX^CT^ 

JSSS^a^ 

bull-TP TiUnt^CCTCCAOTAlTTTOCrrC^ 

to . J « - VP TACTCCCTT^AOTACTTrCCTTCTCJUaT^™ 

to . IS - TV TACTCCCTT^aOTA CrrTOCTTCTC AfaTOCT^ 

bu.27-VP TACTCCCTCCAgTM. i 1 1 L.T\^AgATOCTTCOT> rVNTnl > ICAECTTTACCTTCAOCTACACCTTTQAAQAC^ J I U .H t X.ta TloC*^££^^ 

fall. 31 -VP TA IL UMLtl lUli AATATTTt»gT«Wl^TyV^l,-» 

to. SI- VP T»C7>:CCCOO»(7TlCTTTOlTCT^roCT^»<Xa^ 

fan. (6 -VP TACTaCCreaAATATTmXATCTCAAATOCTPaaACTOaAAA bw^T--- wwiwftntivmwrewrKcro 

fc».67-VP TACTOeCTt^TA TTTTCCATCT OUUiTIICTOaaAC^^ 

htt. T -VJ»1 TACTCCCTOSA07AU nTCCTTC I CAflATOCTTCQTACT fW > M C AA CTTTCAffTTCACCT ACAC CTTTKaA^CCTT^^TTT^^CA^gACCT 
h».9-VPl rACTOOCTOTAgTACl FTCCTTC1 ^QATQCTOCOTACCOfaAACAA C TTTACCtTCAGCTACACCTTTgAflQAC Ql ICC 1 1 IC lA <aflC^aOC3CTC»X^ 
pi . 1 - VP1 rACTOCCTOIAOTACrTTCCC^ Tc^£tr£^t^£7^^^ 
pl.2-VPl rJlCnXCTOttAOTA Cl 1 IC^lUJ CAQATOCTOAa^ 

pi • 3 • V»l rACTgCCTOaAgTAL 1 1 1 UX I LUCAaATOCTOAaAACCOCCAACAACTTT^ 

rh . 10 -VP TACT Q CCTOCACTA f I I1U 1 It It ^^T^T^^rf^/y^fy^^f^r^rr^xrrr^tnrn , , — , ^?*rZr^7~r~)?lZ^ 

rh . 1 3 - VP TACTOCCT^<7TACTTTCCT7CT<>JUIT«^^ 

rh . 13 -VP TACTOCCTcnACTA C 11 1U. I J LlCAGATOCTQAOAACCOOCAATAACTTTOAATTCAOCTACAgCTTTaAQa^aTarr r I l.Vtr££»^V£^i™^ 

^ ^ ^ ^Ty^ 1 ^ 3 ^**- 1 ' ^^'-^^^CtXIAaAACOOCCAACAACTTTajUJrTXJU^ 

r b . 2 * - VP TACTOCCTOaAgTA l I 1 1 111 it. l tJ UaTOCTtaAQAACOO0CAACAJUriTTllJU>Tr^ 



2 : ltS^2^:*3nSS?2S!«^I2H!5^5^^ 



TOQACCAQTACCTO 

™ " TA£ 1 ^ v»^AATA TTTTCCATCTCAAATOCT^CQAACT<HlAAACAATTTTQAATTCAgCTA CACCTTCQAQQAg Q I Ol^L 1 1 i^ ^^ h ^ m ^^cf\fX *^nr *i™Z^ 

2::J:S 'SS^JiSJJS^^^^ 

rh . < 9 - VP TACTOCCTg<aa7ACTTCCCCtCnaaATOCTOA^C^^ 

1 I I'ZL lt^^I^ A ' LAt ' 1 ^ ' IVlCAAATOCTCAaAACCOaClACAAXrrTCACCTTCAqCT^ rCCC ^ ^ SloCTAC^ACAOCCAQA^^ 

2«T*™ It^S^St^^^SS^^Z^IS*^^^' fcCAA LIIllLt. 1 1 LA gCTACACTTTCqmOACO l OC l. 1 1 ILUUa<*UCCTACOCCCACAaCCAaAOTrr 
°, *!l I IZT^^!***?!^^^^^^^ I * H C1 1 IO OCTA U.C 1 1 lLti AOQA OJlCA^Cll TC f^r >f y > r >CTAja3gOCACAOCCAQAOITT 

n.voi i i .hj ».,.L — ii l T. l^^ i-T-j^rtrT^?4!^l' ? _„^ A *' ^ ^ ^* > ^ ** C *** ^CA^. 4 > « w\*AOQ AC U||A»t ^ « fCCACAOCAOCrACOOOCACAOC'CAO* 

rUl,r 1810 " 20 «« M» W«0 U70 12B0 11»0 ueo 1110 1MB. 
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aavi-vpi TW3CCTrafc C ifl wT T^---JutTCA^^ , ' * _ 

AAV2 -VT1 TATTACTT Tar ^inucjuu c -- -j^recAAcmTii^ "i in i m i »m .> 
AjLVj-vp* ncricewu r.n, i mri > nni ^"gl^MCMr^^^ 

cr-i-vpj TACTAcgraxi^^ c s t ^ ***<*** ^Z*ZZZZZ%^ ^ 

3:5:5, tSI«5£|^^ 
2:i.5i ssss^ssssr^ 

bo . 1 0 - VP TATTATCTOAACACCACACAA - - - TCWTXXTTtKJU^CTTCXSCXOTX^ 
bo .11 -VP TATTATCTCAACACCACXCAA- - -Tt^TA<7TOaAACTCTTCJU3CAirro^ 
b».13-VP TfcTOL CTTmO On M r^MC . -M*^ 

to.H-U T ACTA TCTCTCAAACACT ATT AACat77TCTCCA t*qWCt*CJUU^CTJUU*TTCt*ra 

E*S:S JKiEE*^^ 

ta^LVP TATT*CT7mQC2«UU»^ 

Sirs iSScK 

sirs ssgst^^ 

bu.4 4-VP TATTACCCQAACJtaAACTeAA- . - uwiwwwunw w f Stttt I . !" t ."^V^^^l^l^lI^^SI** * ' *g^TACCTanAm-T<ri^ATr>rw- trir inn- m m * ^ 

K: :5 mmm*^^ 
to.4i.vp TArriSSSn^ 

sirs ssssss^^ 

Sirs XSSt^^ 

sirs RssffSiffiffg^ 

ha .58 -VP TATTACTTOAOCAgAACAAAC- . - ACTrauU>CCOAACtaiCCACQauJ^^ |Sg rOCTQQ^gCTCT^^^t^t^t^l 

an. 60 -VP TATTATCTGAACAAOACACAA . --ACAAATAgTOUACTCTTCAOCAOTrrCOOCTACTQrt !A C3CX^UJCm3A«^«^A^T< n CTCTrCAAri ^>», > » ««T e r El QegTtMi. r. i ?„/ . ^7^1-7. -.-T^ lT^V^T TrTrr 

Sirs T^i^^gS^S^' • t^^^^ A ^^^ A ' yi "^ A !i!igg^ 
rS ' iS £ ta^a^,^^^££;;^^£^ 

rh 32- VP TAmecrnSr^tn^S^tSiSSS ^ »^000A g CtOCA<aTT^ICAXt OCTgaQCC^ 

rh M W T^SS^^S^S^^^^^^' ISS^ < ^^ 1 UllTJULLACCCTtm-ATCC^^^ 

^ " ^ T ^v c ^3?7 c ?^yg c *^ cc - - -* CQOC * OCTACcqCAQO **^^ 

r h 3 3 - vp TOoCACTTACfcOTcaAcc^CTCTonAiaj^^ rqecTnrTrlcASlAall^TW^ 

sirs 

^'« S I^^II^g^SSy??? 3 ?^^"^^ I U ACAaAAAQAACl Q« [t l Lt.IT^a«44^^1\*^ 

rfe1!*w JJr^SSSSS^S^SS*^^ 000 " TTT ^>cqOJUtCT^AATTT^TCAAOCTt3qCCCCJU^ iin t T t^ rX^g^y ^*^ 

sirs TA^sgg^gg^Ai^g^^ 

rb 55 -VT TA^ACC^S^S^SAlSA^^A^Si^^ l tJ '- 1 "X OOT Mr AM Q MWTTCCfciJUtf* 

rhiss-vp tactacctttti^uu]xu?ccaotct' -Aaxawx^Sgco^^ 

2:«:S TA^*Sg^^«^S^g^^ 
Sirs gsa^^js^^^g^^SS.^ 
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xxvx -w i baaacacacaac xx e xx c »aeMATrmemax cTonoen^ i cu ivcca to itu 

XXYl -VPI TCTCCOOATAAC -AACAACAOTOAATACTCgTOCACTOOAOCTACCAAflT^ 140 6 

aa« -wi ocTAXcaxcAAC -- - xxcxxcxarxxjn i icc i i o c A rA g c c qrc A OC MB T ATCATCTCAATcoccoca^ i mam to Kit 

kxnB-v? octaacoacaac AACAACAgTAACtirccTTacACAOcccccAOCAAATArc^^ mi 

ut«>v» cccAAixAAAACTACAjio A TcccToccA WjowcA a^ ^ i iC A T acAgTOcCCTOAcccccoaACCT^ - . aac itos 

AAVS-VP1 rCCO OO OT CA AC - CO CCCC AOTOT CAC CC C CrrC OCCA C C A C CAAT AO^ 1S49 

aavc-vpi xxxxcxaxcxxc AACAA C A fflr AA rT TTAccTOOACT ao T uc iica a^ r iXtttcccato mi 

xxvi -vpi ctocatcaaaac aa c aa c a ct aa ci i i cei rgQACTOaTtacr>re> i iTATT^ACCTTUAro^ i m iu-iatcc Ui7 

aavo-vpi accococaaaac AACAATAQCAACTTTOccTOCACTOCTOcaACCAAATAC^ i n q ftTT i«n 

r&.Jl-p*r CTOCATCAJUU>T -- «^ C JUt CMy »* r rTTOOCTOWCTO g rqCC Arfc *^ T a CC > T TT*Mtf ffTtl ■ GAAA TTCATTOqTTAATCCCOOTOTCOCCATtX>CAACOCACAA On I rm CTI iC M AACOCT TC nCCCT TOO L174 

tab. i -vpi ctotcoouul a t hxcxxcxacxxL 1 1 l o cc iccutcccoTqccAccAAflTATCATCTCAAroccAGAOACTC rerogi AAArcccocTCTCocTAT^aocAAcecACAA oo» ctacQj>Aa*ocsA urn iixmut 1(1? 

bb.a-vpi ctotcoouulat - iw ^w^tiwnwf fWkiw wtff^it iwBimM^i n ^ aaatccccototcoctatcocji inHi^w^ aiaBBfcTT t r nvr n c iii? 

Ch-S-VPA OCTAATOXCXAC AA flBr A ri TPA A l I lUCI lU OACTCCAOCCA CCAAATATT ^^ KOB 

cy ! j -vpi atacacaqcaac -MCAACAOTAjkCTTTCCCTOOAccgqcocxjCT rer rrcccA TC isbo 

cy.4-VPl ATAOACAOCAAC AAraqCAOTAAC 1 1 I Q AX lUC ACCPflOOCCACTJU\ATACCATCTCAArQCT^ 1 ICC 1 ICCCA TC 1390 

cy.S-VFl ATACACAOCAAC A AC A AjCA *3T2ACT TireC T QC A4reg 111 UCCCA TC 1310 

cy.*-vpi atacacaqcaac - AA C AA C AOTAACTTTOccTOaAccaoooccACTAAATAC^ r rci rrcocATC mo 

ha. 1 -VPI CCAAACCCCAAC - AACAACAOCAACTTTCCCTOCUCTOCACCTAC^^ llMjnXAZCCXOaXCCXSXTXTQOCCXPTCXCXXG^TCXGQXXllXXXxa I TTl rCCOCATO 1(01 

ha. 10 -VP OCAAACCACAAC AACAACAQCAACn TgQjrO0ACTOCOQCTACAAAQTATCATCT<AATQQCCOQQAC ICCi 1 1UJ1 l^ T< CAO 0 AC CAO CT ATOCC*AilC C A q uU ^^ It 0« 

ha. 11 -VP OCAAACCACAAC — AAP1 APlflf-A fCQgltHl AgTOO m^TAf-A Alfl TATt*t^t^AA A TQP^PQQflA r llilJI I ltT mnflirrif¥ t TH <MrrifliVAriiini^ !iT fliAfi^^^ii | 1 1 i m ^ >TT? 1(01 

ha. 13 -VP TCTOCOOATAAC AACAACAQTOAATACTCOTOOACTCCAQCTACCAAQTACCACCTCAATOOC^ 1(0> 

fcj.l«-AA CTCACTCAAAA C AACAA C AOCOAA 1 1 1UC1UMCC100A O C I IC1 II t lUO OCTCTCAATOOACgTAATAflCTTqATttAATC^^ HW mil HU mi 

ha. IS -VP OCAAACCACAAC AAf-AA<-A<tf*AAP ' i t yiCTO fl ArTflPtatffirEAii^ iTr^ rttAAA Tflftrrfwnir fro Hiajwi tTrrtflHir^ii^tT iMyrfcflffr^^i i kg > t»i i p p/^ ^ ^ fcTO 1(00 

ha. 16 -VP OCAAACCACAAC kirurtopttgi i rCQ rOQ Uhk^OC030^T*^^bJhOJTAI3Cft3>CTAAflTQBCCOC3flUh CTC O?T frtfl n nTffpmafl*^pArt^yi^rtrt^pmrt ^p>^Aipfli | ^ ^fty ^fc aom*^^^ ■ t^j vi ^ j^ ftTff 1CO0 

ha. 17 -VP CTOTCOCAAAAT AACAA C AOCAA C 1 1 t OCI lUl A CCCQ TOC CA OCAAOTA7*lATCTOAATO QCAn A flACT ^^ If 11 

ha. IB-VP OCAAACCACAAC AAPkAPinPAAfff I ^^^t^rQflAf^QPpgpyACTkAAOnfcTfT^y^TAAATflscwiQfl^p w hu t mn I AATCCJkQfl^jCOfcflCTATOQPCfcCOCftOh^JttA^CAX' BMtfMJUMfcCTl I I 1 11 . 1 . 1 ' ■iT? 1(01 

ha. 11 -VP OCTOCOGACAAC ......... AACAACACTQATTACTCgTOOACTCOAflCTAOCAAgrACCACC^ n » n ^ T ^ -rT T T' r T , "A r ' 110 1 

km. 2 -VPI OCAAACCACAAC—- orntrifyt^iTir<VT>«kr«rr^(^»p».t^«^rrTikkT t rar < y J urt«WT^ '^FT ^T^^Qftrf h17T TiT1WrrMffT rftri k AOqA T "»^^*"^^ri^ l l ' T n'T 1' ■ '-"»T" 1(01 

ha. 10- VP fCTT CTOJ > r>wAf ^r-iina/y mT^r-iwi w w-iwm*^*^^^ not 

ha. 21 -VP OCTOCOGACAAC .»yArt»r«frrt^T^>c^fCTi»i>r-t«»^t^»Pf-^OT»re R T M M t H. I f . H*? 1(00 

ha. 23 -VP OCTOCOGACAAC A» a >> C A ff rCArTACTCgTOOACTOO^ 1(0 B 

bo. 21 -VP OCTOCOOACAAC AACAACAflTCAITACTCOTOCACTOOAOCTACXAAOTACCA lUCCrCAO ISO 8 

lw.24.VP OCTOCOOACAAC fcl> r> » r > ff tttArrACTCOTOOACTOaACCTACCA^ 1SOB 

ha. IS- VP OCAAACCACAAC lA r Ai c i ^ AA r ^wyr-m n irrnp^^irAAAaTi^ rOOl f A>T ^TftftB i rri><?P T fc T<H B ^n^^rACIJtOOJkT Yt * < T 7* i ^? ^ft^ f i " Tff^*' ir '^ r * 'T^ 1600 

ha. 37 -VP OCTOCOOACAAC - AACAACAflTCAlTACT C Or O OA CT^3Q 1B0B 

to" 2> -vp TCTCCOOATAAC AACAACAflTCAATACTCOTQCACTOOAflCT^ 1S0B 

ba.J-VFl OCAAACOACAAT AACAACTOCAA L 1 1 t III 1 UOACTOCAOCTACAAAOTATCATCTAAA rVAKXOKlAl 1 LU I COOT t AATCaLOaACCAOCTATOOCXaaTCA GAAOaATOACO AAOAAAAU 1 1 1 1 ICOCCA TO 1011 

ha. Ji- vp BTCACTCAAAAc aacaacaccoaai i rorTToeccTooAocTTCTTCTTCOCCTcro rcci i ro uu 

ha. 33- VP OTCACTCAAAAC juwOLACACTOAATAC^^ K 1 1 11X1 1 Iti 1011 

to '.II- VP CTCTCOCAAAAC A A C A» C >CCAA lT UufTlS A ^ 1c I ICCCO TCq l«l" 

ha. « -VPI OCAAACCACAAC AA C AA C A C CAA C 1 1 1 C iX. 1 UUACTCCAOCT ACAAAOT ATCATCTAAA TqOCCOOC AC rCO rTUOTT AATCCAOQACCAOCT ATCOCCAOTC ACAAQQA TOACOAAOAAAAO 1 1 1 nCOCCA TO 1C0 8 

ha. 4 0- VP CTOTCO CA AAAC- - - »n»riflfk»Pi I MU! I iiiu ii M^ «^ntei<T m>(WitM(^f i i iMi kt t w«*n^^ 1417 

ba-41-VP CTOTCOCAAAAC aA T fc* r > flr » M U IULIIUU A CI CIU lQC C A CCAAATATCACCT m>Crn >l fl* a ^ 1017 

ha. 4 3 -VP CTOTCOCAAACC AA C Afc C A C CAA Ll I lUl.llU OAfc»WI U UXACCAAATAtCAOTOAACOg^ tCTTCCCOTC O 1017 

bu.4J-VP AAAA C A C ACAAC AACAA C A O CAATTTTACCTOCACTOOrOCTr CA AAATATAA^^ it ; 1 1 iml ' CA TO 1614 

hU.«4-VP AAAA C ACACAA C AATAfcf AnrAAr TTTAPCTOaACTngrarTTC A AAATATAAgeTf^Ta^^ 1 S 11 

ba. 4S-VP TCTCCOCATAAC ttritriir Ttatri x T amm grommiw^aTiea^^ less 

ha. 4 4 -VP AAAACACACAAC AACAACA OCJU lTTTTACCTtiCAC^^ ^A^BACA^T OAAOAAAAOTTTTTTCCTC AO ISO 8 

ha. 41 -VP CCTCCCGACAAC AAOulcAOTOAATACTCO^ACTOO^ lfiOS 

faul51-VP TCTOCOGATAAC AAaUkgAOTflJkATXCTPCTOa^rrcnA^ lfiOB 

ba.53-VP OCAAACCACAAC AA raAPlOTlAT l T lC CgT llQ AgronAOCTACy^OTACTACPW^T g^ 1(0) 

ba.S4-VP OCAAACCACAAC AACAACACCAA C 1 1 ' XVCXJlUA ACTOCAOCTACCAAOTACCACCrCAAT ta O CO OAO 160S 

hu.|S-VP OCAAA CCA CAAC iLACAACABCAAC^ u|j CCOCATO lfiOS 

fca.5B-VP TCrOCOCACAAC AA^rAa reAATACTgoml^^ j j 160 B 

ha. 6 -VPI CTOTCOCAAAAT A A C ^ C A C CA A CniOC ITC O A 1 1 H rCCA TOC 1613 

ho.6* -VP TCTCCOCATAAC - M C AACAOTC AA TA CTCO^ Mil ICClS g 1600 

tu. 6? W CTOTCO C AAAAC AACAACAOCAACTTTOCTTOqACTCOTOCCakCCAAATAT^ rCTTTOOTAAATCCCOOTOTCCCCATOC4^U^CCAC^^ rCCCOTCO 1(17 

ha. 7 -VPI OCAAA CC ACAAC AACAACAOCAA CTT r C CC l t3OACTCCOOCTACAAAJOTATCACCTAAATQOCCO0a^^ 1600 

ta.»-V»l OCAAACCA CAAC AAC^ C AOCAA CIl gCgM BJICT gO CgCTfc Ci^ ^ 1(00 

pi.2-VPl OTOTCOTAjtAAC AACAA^IACCAA CTTT A QO l^aAj^CCCOQ^^^CAT^^ 1S»6 

16 vp cTOTcccAAAAr I I c I I r a S aa c 1 1 ^CT ^ ^^ ^ ^^^^^^ ^^^^ ^^^^^ ^ ^^ ^^ ^^^ ^^^^g ^^^ ^^^^^^^ ^ ^^^^^^^^^ ^ JJJJ 

rh.l9-VP ATABACA OCAAC aIcAACAOTAAC [lluLl ^^ ^ ^ S^MlSSI^^^ma^^S^ ^^^^^^ ^^^^^S^SSS^^^M^SSSm^S ^m I ICtXA TC 1611 

rb.2-VPl CTOTC O CAAAAC ........ - - AACAACAOCAAT7 1 fPC I lOUA CCOOTOCCACCAAOTATCACCTOAATOCCA fl ABt t 1CUL iUUI L^TCCCOPTOTTOCCATOqCTACtXACAAnOACTACOA43^ 1617 

rh.Sl-VP ATAOACAOCAAC AACAACAOTAA C TOC C TO BA COOOOOGf^^T AAATAOgATgrQAATOOTAflAAA^TCA^TAAg^AAgBOtaflaW^AWV'A TWaP TtPTk ftftx C HA Hft AXM ftCC fl ^V I I T I I Ifl X 'ATT 1550 

ih.aj-VP ATAOACAOCAAC AACAACAOTAA C TTT Q CTTO OA CCOOPOCCACTAAArACCATCTQAATOOTAQAAA 1550 

rh*a("vp CTO TCOCA AAAT AACAACAqTAAC TT 1QCC AAJjACCOOOOC^CTAAATA^^ TCTT I CCCATC 1(11 

rh.3a-vp CCCAgTCAAAATTACAAOATTCCrOCCAOCOQOOOCAACOCTCTO 1(02 

rb.33-VP OCCAOTCAAA^TTACAAaATTCCTOCAOCOOOOOC^^ ArA TA O COC CfOO A CCTCCAATCOCAACAOCTtlOACCTTCAgATO - -AAC 1602 

rh.3«-VP CCCAOTCAAAAITACAAQATTCCTOCCAOCOOOOOCAACOCTCTOTTA^ . -AAC 1(02 

rh.lS-VP TTCOACTTTAAC-- • AACAACAOCAAI ■ ■ »'»^ * ' w ^ " W M ^^^AAAT^T^*T^T">UVT^ ^ ft O AftA f' 1^ 1593 

rh.36-V7 TTOOACtTTAAC AACAACAOCA AI 1 1 lOCC fO QA j C fOCTOCCACTAAATATCATCTOAATOOCAQAAACTCTTTO^tCCAATCCT TCI I rCCCATC 1591 

rh 3B VP CTOTCOCAAAAC I^CA ACAOCAA i j I rOCCTOOAjCTtgrO^ | rCCCATC 1S93 

rb.SO-^ CTqy^AAAAC AACAACA ^A ^ 1 j 1^ 1 W AC TWr^^gA^A^TCrS^ 1417 

51 V7 CTOTCOCAAAAC ft' r ^ ' ^ A^TTIafo T QQ A^T 1 ^ 1 1C I C<J >TCC 

rb.SS-VP CTOQAreAA^ AAC A ^TC A ^j I ICCCITCO 1417 

rbl59-VP CTOT^AAAAC AAC^ACAOCAA C j j j Ult jw ACTST^ScCAAQTAS iZ 1 1 LLLATCC 1417 

rh!(l-V? CTOTCOCAAAAC AACAACACgAA t. I I I UCV 1 l^ a JfcCTOCfTOT^g CA^tm 1417 

rh!«4-Vy CTOTCOCAAAAC - -AACAA C ACCAA C . TT l OCC IW ACT CO TO COCC AA OTAXC ATCTaAA^ I1.HU.C ATCC 1(17 

mlu ^!!?1510^ 1529 1510 1S40 1550 1560 lS7o!7! I?^^^ ^lliotT?^ UoTj^tT^Mlo"?^* *.TlH 0*?7?^TJi JO^TT^ . ^l(i Jt! !tttl«50 
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rb.33.vp OCCCAOCTCa: 
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rb.37-VP AACCOOOTACr uOl 1 I tTOOCAAGACOOOAOCT- 
rb. 30-VP 

rh.40-VP AOCGQAOTCCTCATOTTTCOAAAACAaOOTOrr 
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rh.4B.VP AOCOGACTCCTQA T r T rTQ OAAAAACTOQAGCA- 
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rh. SI-VP AOCQBCA lCClCAltliUUUC AAn c iiOOCAOCT OOAAAAOACAACOTGQAi 

rh.SI-TP AOCQCCATCCTCA iqiC I OOC AAOCACOCAOCT' 

rb.SS-VP AQCOCeATCCTCATOTTTCOCAAQCAOOaAOCT OB AAA AQACAAOCTOQACT AT AOC ■ 

rh.54-VP AOCQGACTCCTQ A1 III l OOAAAA AC TOCACCA ACCAAC- - • AAQACT ACATTOGAA ■ 

rb.SS-VP AOCOOACTCCTQ AI 1 1 1 I W AAAAA C TOQAOCA- ♦ 9CTAAT AAQACT ACACTOQAA ■ 

rh.57-VP AOCOCCATCCTCA7X3TTTO OC AAi3CAQCCAOgr OQAAAHOACAACOTOflACTATAOC- 

rh.SB -V? AOCQOCATCCrCAT U I' 1 1 U OCAAOCAOOCACCT OOAAAACACAACCTWJACTATAOC 
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AAV1-VP1 fjmtffi^fffA^ > ^*"* <v * f ^ f ^» n " WM TOra 1902 

AAV3-VP1 CAaAC>COCAACAQACA»ry»<TTTACCTO>I3AT<7ra^^ Iff 9 

aav2-vpi cAOACCTauuiTa>cfcceTccc>CQACToqM^TOTC^TcaTC»OTQroOT i ACCTooc *TooTqt qy> iaiiTcoroAC<rFiwj^CTTauu» 1901 

AAV3B-VP CAQAiaCTCAAATACAOCTT CT A q U C TACAACTqiXAAt^ 1102 

aav4-vpi e^o aui c i ^c^ cCTaccgfcccci ™ i c > a icttuc MHXi iuuuA o e cOT<*ceToa>j a ojTCT «»**»^«^»^ isst 

AAVS-VP1 rimii^imi^wytmiifl^lffiieu ^ 1B(S 

aavb-vyi CA<iACC* o cAacA ^Q A Cc cT^^ i i calwj i c tcctct c i»oa 

hb.i-vpi C AA C A QC AA Mra xc t CT crare no a 

ch!s-VPl f»niffwir.iii»n>pifMr f iry i*Tq«iA grower ArtrefcimflAATfrr^^ , t¥ t n ; n^ue K lit) 

cy.2-VPl CAACXttCCTAATACTra 1C1CCI 1 10 LI OS 

Cy .5-VP1 CAATCqraA UW Itlt 

cy.«.vpi auTcqrcTj>cooccocAcc fT » n » r ii pMa CTCiauauiccjuwQoociCTOCccocoiTqgTC^ i67t 

bu.l-VPl CAAAACTOJU^CTCOTCCAACTACTtglAACTtm^TCfc^ LCCIK 1CCA CTC IB! 9 
hu.iO-V7» CAAAACTrCAAATACTCCTCCAACT I C fcH » » A TCTCAATCACCAOOQAOCOreACCTPCT ATTXJTCTOOCAOOATCO AQACCT'OT7AOCT I OCAOOOA CCCATTTOOOCCXXaATTCCT'CACACOQACOOJLCACTTTCACVt. 1 ILIICA CTO 1B»» 

tm.U-VP CAAAACraUUlTACTQgTCCAACTACA^ I tC rCCACTO 1819 

hu.is-vp caaaactcaaata^^ ICICCA Crr IB 99 

hu . 1 6 - W CAA<3ACTCAAAT*gTt»OTCCAACTACTTlgAACTqrCA^ 1CIC CACTT 189 9 

fan. 17 > vr cjMC*au j j*coccacTC CTiTTQt»aaaa^^ not 

hu.lS-VP CAAAACTCAAAT7^TOgI<XaaCTAI7rCaAACH7TO ! reiCC fcCT* 1819 

bu.l9-V? C*CJU »O I»JU^ C *aUUIC*OCrACCTCJUlATqTCIUkCA C *eA> QaCOI rCTTCCJLCOC3trOgTgTQQCAaa*C3U3>flJ^ 1819 

hu-2-VPl CAAAACTCAAACI^TCOTCCAACTA CrgU A CT^ 1B99 

bu!21-VP CAGAC CC OC A AXaCA C AA qC AOCTACCTCA^^ IBS > 

tm.ai-vT CACAnococAACACACAAiacAQCTACcrotfUTO ten oc iotTca a twwj Toaca ^^ acoqacattttcacccctc r cee cic 1899 

ira.34-VP CACAOCCOCAACACACAA OC* CCTA4XT l^AOATCTCAACACACAA CflXU t IXl'r r CC Ai(K >CArt307CT t7nc * OnAC A a AC3A tt37 Xn7A^^ 1899 
fan. IS -VP CAAAACTCAAACA CnW T lXa U^CTACTggAACTtTTaU^T C A g CAAQOA OCUTTACCTCCTAT<fl7rOTtKiCAgqATOaAaATUTOTACCTTCA O OQA CC C A T t ' l UUU CQULB A TTCCT CA CACCCATOQACACTTTCA ICC I IC I CCA CTO 1899 

h-j .37-V7 CACAaeCOCAACACieAAQCAQCTACCTp^ l B »l 

bu . 2 9 - V7 CAQAOCOqCAACACACAAOCAQCTACOOCAOATgTCAA C A C ACAA CWLU 8TCT1 tC AOOefc>qtnCTqOCAA<a C AflAaA C OTgT»CCt< XAO O a a C CT AI 1 1 UOJ CAAAflATT CC ACACA COn A CTM A C ATTTTCACCCCTCTCCCCTC 1899 

hu.3-VPl CAAAACTgAAACACTTTOTOCAArTACACaAACTtrrCAA l|02 

h«.S2-VP eACAOrOOCOAOC ACAOOCOeAQACOOOCT HOO T T C AAAA C CAAO C AATACTTCCOOBTA I OB 1 ITOOt » OmrAflM A T aTt3TACCT0«3Utf7raCCCA^ 1902 

btt.34-VP CACAUACO C AAQQACAAOCAQCTACOCCAOATOTCAA C A C A C AA O O POTTCTl CtJtQqCAr(XnCTQOCAOOJUatQAaATOT<7TACCTTCA^ 1899 

tm.33-V? MBiatBnriifiniftiriraiOT iw^fliW H^rtfiritiMrnnwtviftnp 18> , 

ho. 37- VP r>r^>>rrAATiria«»rTATTtrroraj^ 1908 

b».19-VP CJLC C M CAAJU> QC OO CT eCtACTOTOOOaOCCOrOUkC^^ 1908 

b*.4-VPl CAAAACTCkAACACrrcgTOCAACTACTOaiLUrrOTCAA^^ 1S>9 

bu.40-VP CMC»JUKCJU m>C>0O0C CrATTO 1908 

fan. 41 -VP CACCAAAeCAATACMlCCCCTATTqTOOOAAATCTa^ 8 C COAaA COT OTAOCrOCAqagrCCC * 7XrOJQ»C^^ 1908 
HU.4 2-V? fMft * * A A TA PI (MflfgT ATTtTTOQrlAAATOTCAAfAfl CT* AA HU nr CTTAP^TOQCArOgTt? mnf"t tlA ir OBUliClIIBTitCTBr>OOgwwitPf(MllCP>*fl >«rTOrT*» » ^»>^y 7^r*qfy ft ft f^ TTT*h Cfy^Tt*ft BCOCT ft 1908 

bu.4 3-VP CACAgCAOCAOCaiCAQACCCTQCCACCOQAaATOTO^ 1«0S 
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rh .40- VP AT _ 3l » _ j -i^^«i><»TCT>-_~-<»rr->fTr^o«>o«»»r»- ir f rQATCiUtOAATA— OCCO0T< 
rh.43-VP ATCGCCO-Crri«l--T-AAA_fcTCClCCqCtn-A_^ 
rb.48-VP >vTCg23COOCTTTQaACT(_J«2CATCCC^^ 

rb.49-VP ATOTTCOTCTTrqaACTTJ_ACATCCOCCTO ___ 

rh '°-yi ^ToqcqaocTr-<2aA£TTAA^ iu:itxo - \TccTtXAiu_A<2cqTTrA 

rb.Sl-VP AT QOBCOqC rTTqOACTTAAACATCCOCCTCCTCACATCCTCATCAAAAACAC lCCT tT OC T - C X_ UWrCCTeCII_C_0ttW^ 
r M?"_S ^ Tgg? 8500 ""**? * ^* *^^ 0 *-^^ I OCl - :-2 ATCCttXAAeA-tfXW>» fyi fl Or< A^^ 
rb.S3-VP AT OQOC_ag TTT-_vCTTAAAC_T^^^ 
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rh S 5 -VP ATti__U\^-TTTC_AirTT_--_^ n CCTH 3C T A ATCCCCOC Q ACOTO I f I AC _ g^TO CCA A Jj 1 1 1U. | lt. Tr 

rb.57-VP A TO O OC OOC 1 ITO-ACTTAAAg_TCTX2CCT-_T_A-ATC-T-ATCAAAAACAC ILL 1 - 1 1-llULU-ATCCTtXAACJ^COTT^ 
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AAV3-VP1 TqrcAOCTW^MIfcACXUUk^CXOCAAACOC^^ CCTOa fT^TT 3 LSI 

AAV3-VP1 T<X3gAQCTAqKaAAaAAAACA(3CAAACOTTt3aAATC^^ 1 UU 1 Ul nj tfABTCUU C CTC CC eCT A TT O"* >i^w »w^.. etCO 3202 

AAV3B-VP TCOOAaCT ir»fT>>AnAA>> TAOC AAACOTTOOAATCCAOiiOATTCAOTACACTTCCAACT ACAACA*QTCTgTT A» TOrOaACTTTACTOTAQACACT AA lUU tU I 1 1 ArAgTOAACCTCqCCCTAT/ra^CCCOq^^ 3303 

AAV*- VP 1 ' 
AAV7-VP1 ' 

un-vn ■ . 

rh.31-p«r TOOCAQrrOTKOAAAOACAAfafyAAfX^ICTtmAAOC^ n ltfCIUITUA CAaCQfl OQ W t» A CTCTCAOCCT. 1 Z', \9)) 

bb.l-VPl TO0XlAOCTOCAflIAJUl»JUUU3U»CJUUtf0 AA C fcCA faTOQCACTT ATTCTOAULV. 1 LtiClXVArCGOCAOCCOTTACCTOtCCCOT 2209 

t»b.2-VPl TOQaAPCTOCASAAA QAAAACA <XAAACOCT<aQAAOCCAQAQATTCAATACACTTCCAACTACr ACAAATCTACAAATOTOOACT1 WCTW UkACACACaTOOCACTTATTCTq»OCC«»CCCXAT^OqCACTO 3200 

ch.S-VPl TOOGAOCTOCA fa > > fl AAA* CA iTCAAAl^A-TyklAACCCACAAATTCAQTACACCTCCAACTA CIA CAAgrCOOTOAATOTOQAgTTTACCOT0QAC<3CA AACOil IUU |A TTCTOJU>CeCCOeCC TA TTOqa^TCOTTACCTTmOCOOO 3199 

ey.3-VPl T130QAQCT0 X » BM(W AA»* C A OC MOC0CT0XIC^ 3 30S 

<jy.3-VPl TOCCAACTGCA PAAAQA < AA Cfc flC 1 AATOtTTOQAA TCCAgAGATTCAOTACACCTCAAATTA TOCCAAgTCT AATAATOTOCAA 1' I 1W.H1W ftft^l*yiAAflr?7OTTTfrTfr < H^flgr^WrCT^TT1?T?f All-lVf 1 tCTTClVCCOTT 217 1 

cy.4-VPl TOC«IAACrOCACAAAaAAAA^AOCAAAOOCTqaAATCCACAq»TTO M ftT^CT^A'TrrTCTrrirt^TTOf^ 2171 

cy-S-VPi TOOGAACTOCAgA A AaAAAACA O CAAA CC Cr oOAATCCAflAQATTCAOTACA CCTC AAATT^ ftfKW OTTTATACT11AOCCrOI K.V OCATTCOCACCCgrTACCrCACCOOT 217 B 

Cy-J-VPl TtreaACT TO ^fl M 3178 

to.l-VPl TXiCQAQCTCCAGAAQnAGAACAtlCAAAOOCTOQAATCCCCAAATT^AOT 2 t9f 

to.lO-VP TtXWaA OCT TCG Q AAOO AC AA^G re AAA CO CTOC AACCCC^ 217) 

to.ll-V? TCQgA OCTC CACSAAgg AC AACAQCAAA COC TtBl AA CCeCT 21>J 

to. 13 -VP TOCCAOCTOCA GAA CC A C AACA QCAAA wiAA TCCCttAQA TCCAOTACACTTCCAACTA CAA CAAATCTO TT AATOrOSACITTACTOTTOACACT AATCOCQTgT ATT r Ifi f ? r TT < ?g CT^TTATTOqCACT^AaAT ACCTT3ACTT > f7T 319 9 

to.!4-AA TOOCA OCTC CACAA O H AA AAC* <3C AA C3 00CTOOA ACCCCgAflATCCAOTAC ACTreCA AgTArTAgAAOTgtAAT AATOTTtlAA 1 1 ' I UC I tit iA ATACTOAAOOrOTATATAQTQAACCCCCOCCCATTOOCAOCAQAT ACCTOACTCOT 2302 

to. 15 -VP TO«agCTCCAqAA ( »A C CU C > Q C A A A C OCTOXa AOCCegAgATCCA<IXA 2 199 

ho.l«-V7 TtXreAqCTCCA<^OCACAACAqCAAACOCT1?QAACCCCCA<»TCCAOT 31t ) 

*° Tff5f 5 £T ffff ?^? P ?? £ ?£ff j£ ;"*f**^^°^"C^* T * CTTt ^^ 2208 

ha. 19- VP T^3GQAeyTCCACAAI3 Q >r;AAa9 C AA Aa 7 r n*lA^ 2 19l 

hu.it- vp TOcqAOCT OCJ > n » on » n * b c a^tm » gre oowcceo*jLATTau7™ l uuMJ i^iM^^org^n^-^y^^ 21 j, 

to.2-VPl TqCOAgCTCCACAAOaAGAACAOCAAACOCTTAiAATCCCCAAATTCAOTACACTTCCA^ 2 199 

b«. 30- VP TOCOA qCTO CA g AAOaA O AAQ qC AAA COCT Oa AA T CCCq A AATrCAqTACA Cl^ 2199 

hu.31.VP pES^C ™^ ?"'"*^;^ 21»» 

to. 22- VP T<?GCAOCTOCAqAAOCACAACAOCAAAO\A.'t^AiAAICC^^ 2199 

to. 33 -VP TOCnAQCTCeAGAAO&AOAACA^AAACqCTUQAATTOCOAA^ 3199 

to. 2 4- VP T0CCA0CT0CA 1 I*A0 Q ACAAC> Q CAaJ> CT 2 , 

to. 3 5- VP TOISOAOCTOCAGAAOPt n AA C A re tAA CTCT 21g » 

to. 37 -VP TOCCACCTOCAgAAQQACIAACA QCAAAOCgTOOAAT^OCQAAA TTCAOT ACACTTCCAACTACAA CAAATCTtHT AATOTOaACTTTACTOTCOACACT AA IQOIt/Tt/I ATTCAQAQQgTgQtycgATTT7fP* E f** Afl ft T ft CTT*Sft fTfOT 218* 

to. 2 6- VP TOtXat3CTCC>QAA(>aAOAAQCyAAACCCT<3QAATCCC<UCa 2199 

to. 29- VP TOOCA CCTC C* n A AOQA O AAO fy AAA L t J C TU UAA TCCCCA OATCCAOTACA CITCC AAC TA C AA CAACTTC l ^ rt ^^TQTOOXCTVTKCTIJtQOitCXCThATOOCfnQWMTT ^ k Q X OCC TVaCCCChTTQ^h 'y ^MhThfT'TT*??^ CTCffT 2198 

to.3-VPl TOOGAOCTCCAQAA OCAflAA CAflCAAACGCTCSAATCCCGAAATTCAOTACKCTTCCAACTA rAA CAAQTCTUTT AA TTrH3aACTTTACTt7TT3QACACT AA TtXm7Tt7T ATTCA^OCCTCU tlXVA TTOGCA CCAQA T A CCTQACTOQT 2203 

to. 31- Vp TtK^(3CTOC*C^OaAAAACAKAAGCqCTOaAACCCCaACATt^ 220 j 

to. 3 3- VP TflCOAflCTCC* CAA O OAAAACA Q CAA O C^CT OttAACCCCGAflATe^flTACA^ffgCAACTAtTAeAA^TCTAATAATOWtCAA 1 1 ICM-ltlf IAATAI^flAAfi^I«J^ATA^^<W^^A^NXX^ T yTCATTQOW^CCAflATACCT<^ACTOCyT 2202 

to. 34 -VP TOQmOCW«<aA f »3AAA» C A re AAA C 0 CT 0gAATeeC^^ 2I99 

to. 3 5- VP TWG A QCTQ C A QAAP Q AAAA C A fy AAA CCC TCq AATCCCGAAATTO^ 2199 

to.37-VP TOOQigCTOCACAA OmC A ^ 1 1 rOCTtlTCJ^TACiqiC3QQAACTtArTCTWlPC^ 2208 

hu.39-VP TOQGAOCTCCA CAAgSAQAA CA OCAA OCqCTCgAACCCAOAgA TTCAOTATACTTCCAACTACT ACAAATCTACAAATOCQ0LAC 1 1 1W.IUI IAATACTCAOC3l31<7rriACTCT^OCCTCWaXCAT 2208 

to. 4- VP 1 TqCqAOCTqOCUAroAaAACACTAAACOCTOTAATOCCaA^ 2199 

ho. 40- VP TOCGAOCTCC» OA A Iffl >Q AA CAOC AAACOCT OGAACCCAPAQATTCAaT A CACTTCAAACTACT ACAAATCTACAAATOTqOAl 1 1 1 W. I U I CAATACAflAQOgAACTIATTCTOJiCCCT CCCCCCATTQOT ACTCPTT ACCT QLCr POT 2208 

to. 41- VP T(JOgAOCT<^aAACaA0AACAOCAAAC(nTqQAACCX^QA^ 1 1 IUCUViXA >TACAOA0)OClAACT^TTCTmi>OClXg C gCCA 2208 
to.42-VP TOCGAgCTCO f7Al> fyi i n »n> f»T > i fx A ^TT-rt f t » Kiryy^ti x, i ., ,n in., >m^»^^.^. >^^ TX ^ inprTOTCT >^ 1 - r ^ 

to . 43- VP TO»OAOCTO^»O l tA8 a >AM C Ar3 r AAOO<aetOaAAtCCCaAA^ 220S 

to.4«-VP TOCOA3CT(raflAA»n™AArA f iriU«»CfgTttI^^ fTTU .. i . ^i^^^y iT^ftrrTTftTftrTOftotCTCTCc^^^gg^ 2202 

to.45-VP TOO CAJCTOC1 T>AA SO AAAACAOCAA^qCT^CAATCCCQAAATTCAOTACACTTCCAACT A CAA CAAOTCTgTT AA TtTTOQACTTTACTOTOPAgfcl?TXA im*xin/r>TTT-xn>nnr' T< .k ATTQQCAOCAQATACCTQACTCSff 2199 

to. 4 i- VP TOOGAOCTC CT O A* » n > AA KCAOCAAOCOCTOOAATCCCgAAIJTOOgTACACATCgAATTATQCAAAATgffOPPAA ffgrwi att^^> i^ryy CTtyy^^^^ ^ Tfffft TT^TATA^TOLaOCCT^POCCCCATTOOCaCCOJTTACCTTACCCOT 2202 

to. 4 7. VP TCCOAOCTCCACAJUmAAAACaQCAAACOCTO^ 2 J,j 

ha.4«-VP TOOQA0CreCACAAA<aAAA < ^Q<UACOOCTWAATCC^ 2 203 

to.49-VP TOOGAOCtqCAQAA^ O iUtCAQCAAACqcntOAACCOCOA CX^X^TT^^TCAWTACUTOACTOT 2191 

to. si-vp TracauaiTtra&AASaAAAACArcAAACocrai^ J!,, 

to. 52 -VP TtlCCAOCTCCACAAOCAAAACAQCAAACOCTQOAA rCCCOAAATTCAOTACACTTCCAACTA C AA CAA O TCTgTT AAT<3TQgACTTTACrt3TC>3ACACTAA TOtfCU rUTATTCAOAOCCT PQOCCCATTOQCA CCAQAT ACCTOACTCqT 2199 

to . S3 - VP TOCCAOCTCCACAAOaJLaAACAOCAAACqCTtXJUlT^^ CAACIUU>TCTX7TTAATqy3aACTTTAgTqTOCA^ UOCt. 1 CtJ^TTgOCACCAaAT ACCTOACTCOT till 

to. 34 -VP TCCGAQCTOCAGAACQAaAACAaCAAAC<3CTOOAAT<^ 21gs 
to.S3-VP KJCGAOCTOCACAAIJQACAACAOCAAACOCTOX^ 

to.s«-vp ToaaAOCTGC AiMa a ia t haLacxxjucacTaaxxTcccai^TTa^ 1 1 lxl i u i iaiacact aatoqcotot attca oxqcctoqccct att<3^^ccai^t acctcactcot 2is» 

to . 57- VP TOXWAQCTOCAOAA0«AflAA < a 0C AAAeCCT»CAAT^^ LAC 1 U I OQACACTAATq(3Ca7TOT ATTCAgACCCT CQOCC I ATTQqCACCAqATACCTCACTCqT 2198 
to.S8-VP TCOOAOCTACAC^QOAOAACAOCAJLfcCOCTOaAA^ 

^ ^^^g^g^^g l ^ g^ gg XA ?g^^^^g^ A T A c^^^ 2200 

to. 40 -VP TOCGACCrOCAGAAQGAQAACAQCAAACOCTUUAATCCCQAAATTCAgTACAC^ 9rC TCTPC^CATTTMCACCAOATACCTOACrOfJT 219? 

to. 41 -VP TOOCACCTOCA OAACGAaAACAOCAAACQCT^nAATCCCgAAATTCAOTACA^^CCAAC T A C AA CAAATCTOTTAATPTOQAC I'l l A L* f t/TtJUAg ACT AA TOOTOTOI ATTCAgAOCCT^qCCCCATTOCCACCA<^T ACCTCACrCgr 2199 

to. 6 3 -VP TOOCAQCTOCAQAAQCAOAACAOCAAACQCTQCAATCCCt^QATICAaTACACTTC 2 l 9 | 

ba.64-VP TOCSAqCTCCACAAO<3A(3AACABCAAACOCTOOAATCCCtlAflATTCAOTACACTrC^ 2199 

5f 1 iS "12 TOOCACTCA<*ATCAaAACAQgAAACqCTa^ 22 QB 

to. 67 -VP TOOCAOCTOCACAA O CAOAACAgCAAACOCrQttAAOO^ 1 1 l t »C T tmJ UlTACA q A O OaAACTTATTCTQAQCCTCCWCCC A TTW 3208 

to.7-VPl TOCCA<>CW» CA A*C> n AACAOX:AAA C OCTQ^TCre 219 , 

Pi ^^Qg^^g^^c^^c^gcocTaaAATccc^aATTC^ 2187 

P J • I ^V^XttAl^mil^CAn^^ x 1 1 CAATOCAOATOCTrOTATATAQTIlAACCCCTCCCC^ 2187 

pi . 3 -VP1 TTOQACCT0taC A A O »aAACAaCAAOT0Cr00^ 2187 

rb 1VP1 T^*OCTOr>CI^CAAAACAOCAA<gOCTC^T«!AaAQATCCAOT 1 1 1UL 1WII CAATACCCAAO U1J1 1 lA CTCTQAOCCTCOCCCCATTOOTACTOOTTACCTCACCCgr 2203 

r*-20-yp macim iaacacaqatoocacttattctoaccctcqccccatcoocaccoctt^ 2209 

rh.i3-vp T«>CA<>CTcr»c.AMrt»n M C»r3cu oc i3CT<io^^ mi 

«.«-vp TMCAACTC r ; Q AA A C X » AACAQCAAACOCTQgAATCCAQAQATTCAflTACA CCTCAA ATTATOCCAAOTCTAATAAT<7TQQA ATTTOCTOTf* > AT8 >0!» >fyynTrTTATACTCACCCTCOCCT^ATTgQCACCOOTTAgCTCAIX?COT 2179 

rh.l4-VP TWGAI3CTqCA0AAAXUaAACA3CAAOC<>CT<7qAACCCAnAflATT^^ i g !LH = IUltJ UtTACTOJlOt30TACTTATTCAaAOCCTCCCCCCA7^ 3191 

c ^ gg*^gn^GAAAa*OAACAr3CAA<^ 1 1 1LW. t Ult^TACTtlACTXTrACTTATTCAaACPJCTCO^^ 2187 

c ^ «-y» TQOeAD^raOAA A O >0 AACAilCAA<7 C<»CT(3B AAC^ IHUCIUI LAATACTOAO«7rACTTATTCAOAI>CCTCgCXCCATTQ^ 2208 

rh.ll-VP KWCAACrC<aCAAAfUAAACA0ttAAACC>CTOCAATCCAOAaATTCW 2 19> 

rb.2-VPl T«OOAO«lWCJaWUAA>CAI3CAAOOTrOTJLA« 22 qb 

rt-33-VP rOOCAACTOT *n»>>n>lAAr>l70A> rOCTOPAATCQ QAOA TTCAOT A CA CCTCAAATTATOC CAAgTCTAAT AATOTOOAA TTTOCT<ny AACAACOAAOOOOTTT ATAgTQAQCCT; COCC CCATTOqCACCCOTT ACCTCACCCOT 2178 

r J "-VP T12CC^ACT^CACAAAmQAA C AflCAAACQCTt3aAAT<CA^AaATrC^ 2178 

rh-23-vp . — TATACTrCCAACTACTACAAAT'CTA CAAA TOTOQACTITCCTOTCAATACTgAQQCT ACTT ATTCAOAOC CT COCCCCATTQ QCACCCPTTACCTCACCCQT 2049 

S*«-w tooSScoxa^^ 1191 

ch'.23-VP TOOOAAATCqAAAAOmACqCTCaaAjqCTO^ 2191 
rh . 33 -VP TOOCAAATCQA >»m» >CCCItXUAACaiXQQAATCCTQAAQT<3CAaT^ l muc . |c l^ n ATTTqACTAAT 2193 

rh.3«-VP TOOQAAAT^CQAAAAQQAAC<^TCCAAACOCTOOAATCCTqAAIj I I i tACTTCAAACT<7TQ08AACCAgTCTTCTATOtTUTUUUCTCC^^ 2193 

cb.35-VP TOCOAOCrOCAQAAAOAAAACA CX1AAOCOCTQOAA CCCAaAAA TTCAOT ATACTTCCAA TTATOCCAACTCTAATAATOTTQAA IT lOCTU rUAACCCTQA TOOl CT TT AT ACTQAOCCTCQCCCCATTOgCACTOOTT ACCTCCCCCOT 2181 

LACCXaaAAATTt^OTATACrTOZAATTAT(?C^ 2lel 

A<7C<3CTOaAACCCA3AAATTCA0TATACrrCCAA^ 2 "l 
AA£OLT<JQAACCCAaACATTCAOTACACTTCAAACTACTACAAATCTACAAATgT^ IOCTUTCAAT ACAOAQO CAACTT ATTCrOUUaCCTCOCCtX^TTqOT ACTCOCT ACCTCAgCCQT 22DB 

tb.43-VP TOCGAOCTACAaAAOaAAAACJtfX^ ! t im.nJl t AATACAqAAIWCTiTOTACTCIXlIACOCC O^ CCC A T 2203 

^■M-yP WCAp£TOCfcOAAOfIA O A»CAOX^«OCT<lQAAC^^ t IQCCOl llUr>f>TT»OOOTOTTTATTtnmoCC^^ 230S 
rb.4 9-VP TCOCACgTOCAaAAOCAflAACAOCAAOMCTOOAACC lUCIt l l f A ATACTgAO OOl 0 1 1 rACTCTCAIICCroiCCCCATItlQXACTCOrrACCTCaCCCOT 2200 

ACXX3CT^XlAIKXCAaAX»TTCAQTATACTTCCAACTACTACa^TCTACAA^ X 1QCT Of TAATACTO * tXKJT fTTTTACTC t QAOCCrCOCCCCATTOQCACTCqTT ACCTOACCCqT 2208 

ACAOCAAOCOCTQaAACCCAIlAXlfcTTCAOTATACTTCCAAgTACTACAAATCT 1 1 1UL 1 tfl ' T A ATACTttAO OQI Q 1 1 1 ACTCTqAQCCTCqCCCCATTOOXACTOglTACCTCACeCTr 2208 

ACAOCAAOCOCTt3aAACCCAW<^TTCAt7TATACTTC^^ 2208 
w ll'^L ™25£?£Z2 nnAX ?!l in * ,rk ™^ < E?EL at ^ < ^^ mClUl IAATACTCAUUUIUJ 1 1 ACTCTQAaCCT O IC CCCATTOQCACTCPTTACCCCACCOOT 2208 
21" 55 i» TOOCAOCTO™ n^fTQXQAACAQ C AA O CQCTOOAACCC^aATTCAOT-ATA CCTCCA ATTTTTlAC* A> C 8n» f 'I P O IU1 O tt AC 1 1 1UU.U r TQACM3CCA UIiUi J 1 1 1 A TTCTCA OC CTC OC C CCATTOgTACTCOrTACCTCACCCOT 220S 

^i^^^S>gt?^ S ^SgS^S£S^ZI^ AT *£!!5°^ 220a 

""^ ?SS5™ZIS £ ™ ?™ ^¥ ^™ Z?^?Z2^??^ 3208 

3gpg*°gy >0> *^ > n > » r » ^ »»pggC™^CC^^ lAATACrOAUUUlUl 1 1 AgTgTqA.OCgTQ2CCCCATTOgCACTCOTTACCTgACCCOT 3208 

™"-y? TO0CAOCTCC»0Ma3WAA C AO C A AOX t»eTO2AATO A TinxriUUlUltM A HHULCUl 1 UACA£CCAOWTOTTT ATTCTttAOCCT Ot20?CCATTaOrACTCaTTACCTgACCggT 2199 

it'll' I™ ^^ y?? "" ^ ? *" ^ C * OT ^ W:OCTQ ^ CCC ^^" CA ^^ 1 1 1UCIU rTAATACTqAOQgimTTACTCTBAiJLC ItAiLVXXl ATTOOCACTCOTTAPgTCAarPlJT 2208 

rS2"J2 rgg^g^ ^ g^^ ^ ^ ^^ ^^g^g^^g^^TT^^^ cc^^ 2205 

2'f ^ TCCCMg ^ *^^» n ^ ff » OT ^ 0C OC »^^CCCAaACATt^ 1 1 lUtlUl I AATAXTTXlACOOTXTrfT ACTCTaAOCCl CQCCCCATTOQCACTgQTT ACCTCACCttTT 2208 

rb • -VP1 TOCCAOCTOCACAAAOAAAACAOCAAA C OCTOOAATCCAaACATTCAATACACTTCCAACTJ^ 1 1 1UL 1 Ul CJ U>CACOmOOOOOTTTATA«»A<ICCTO»«XCATT^ 2202 
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bo.C3.VP AATCTOTAA- 3303 

ho. 44 -VP AATCTOTAA- 2208 

ha. 46 -VP AATCTOTAA- 2317 

HU.67-VP AATCTOTAA- 3217 

ho .7 -VP 1. AATCTOTAA- 2208 

ho. 9 -VP I AATCTOTAA- 2308 

pi .1 -VP I AATCTOTAA- 3194 

pl.2-VPl AATCTOTAA- 3191 

pl.l-VPl AATCTOTAA- 3191 

rh.l-VPl AATTTOTAA- 3214 

rb.lO-VP AATCTOTAA- 2317 

rh.X3-VP AACCTOTAA- 2202 

rh. 13-VP AACCTOTAA- 2187 

rh.l4-VP AACCTOTAA- 2203 

rb.lS-VP AACCTOTAA- 2196 

rh-17-VP AACCTOTAA- 2194 

rb. IB-VP AACCTOTAA- 2217 

rh.l»-VP AACCTOTAA- 2206 

rh.2-VPl AATCTOTAA- 3317 

rh.21-V? AACCTOTAA- 2187 

rh.33-VP AACCTOTAA- 2167 

rh.23-VP AACCTOTAA- 3058 

Tb.34-VP AOCCTOTAA- 1202 

rb.35-VP AACCTOTAA- 2217 

rh.ll-VP CATTTOTAA- 2202 

rh . J3-VP CATTTOTAA- 1203 

rfa.34-VP CATTTOTAA- 3202 

rh.35-VP AATCTOTAA- 2190 

rfc.36.VP AATCTOTAA- 2190 

rh.37-VP AATCTOTAA- 2190 

rh.38-VP AATCTOTAA- 2217 

rb.40-VP AATCTOTAA- 3317 

rh-4 3-VP AATCTOTAA- 2311 

rh.40-VP AATCTOTAA- 2314 

rh.49-VP AATCTOTAA- 3317 

rb.SO-VP AATCTOTAA- 2317 

rh.Sl-VP AATCTOTAA- 3317 

rh.52-VP AATCTOTAA- 2317 

rb.53-VP AATCTOTAA- 3317 

rh.54-VP AATCTOTAA- 3214 

rh.SS-VP AATCTOTAA- 3214 

lh . 57- VP AATCTOTAA- 1217 

rb.SB-VP AATCTOTAA- 2217 

Ch.59-VP AATCTOTAA- 2217 

rh.40-VP AATCTOTAA. 2204 

th.41-VP AATCTOTAA- 3317 

rh. 42-VP AATCTOTAA- 2214 

rh . 6 4 - VP AATCTOTAA- 3217 

rh.B-VPl AACCTOTAA- 2211 

rular 2240 





In Vitro 



Liver 



Lung 



HG 
Muscle 



Clone AAV1 AAV2 ch.5 Rh.34AAV5AAV7 Cy5 AAV8 Rh.20 Rh.8 AAV9 
Clade AAV1 AAV2 N/A AAV4 N/A AAV7AAV7AAV8 AAV8 N/A AAV9 
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